(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
6 December 2001 (06.12.2001) 




PCT 



lllllllllllllllllllllllli 

(10) International Publication Number 

wo 01/92542 A2 



(51) International Patent Classification^: 



C12N 15/63 



(21) International Application Number: PCT/GBO 1/02394 



(22) International Filing Date: 30 May 2001 (30.05.2001) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

0013089.8 
0013090.6 
60/287,410 



English 



English 



30 May 2000 (30.05.2000) GB 
30 May 2000 (30.05.2000) GB 
1 May 2001 (01.05.2001) US 



(71) Applicant (for all designated States except US): ICH 
PRODUCTIONS LIMITED [GB/GB]; 30 Guildford 

Street, London WCIN lEH (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HART, Stephen, 
Lewis [GB/GB]; Division of Cell and Molecular Biology, 
Institute of Child Health, 30 Guilford Street, London 
WCIN lEH (GB). 



(74) Agents: SILVESTON, Judith_et al.; Abel & Irmay, 20 
Red Lion Street, London WCIR 4PQ (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BE, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: INTEGRIN-TARGETING VECTORS HAVING ENHANCED TRANSFECTION ACTIVITY 



B 12000-1 
g 10000- 
B 8000- 



< 

ID 

On 




E3TF1 cells 
M Jurkat cells 



(57) Abstract: A complex that comprises: i) a nucleic acid; ii) an integrin-binding component; iii) a polycationic nucleic acid- 
binding component, for example, oligolysine; and iv) a lipid component, for example, a cationic liposome, in which complex the 
integrin binding component comprises an integrin-binding element and a spacer element, the spacer element being longer and/or 
1^" more hydrophobic than the dipeptide spacers GrG (glycine-glycine) and GA (glycine -alanine), has enhanced transfection activity. 



wo 01/92542 



PCT/GBOl/02394 



INTEGRIN- TARGETING VECTORS HAVING 
ENHANCED TRANSFECTION ACTIVITY 

The present invention relates to an improved integrin- targeting 
5 vector that has enhanced transfection activity. 

The term "transfection" is used herein to denote the 
introduction of a nucleic acid into a cell. The nucleic acid 
may be of any origin and the recipient cell may be prokaryotic 
10 or eukaryotic. 

Gene therapy and gene vaccination are techniques that offer 
interesting possibilities for the treatment and/or prophylaxis 
of a variety of conditions, as does anti- sense therapy. Such 

15 techniques require the introduction of a DNA of interest into 
target cells. The ability to transfer sufficient DNA to 
specific target cells remains one of the main limitations to 
the development of gene therapy, anti-sense therapy and gene 
vaccination. Both viral and non-viral DNA delivery systems 

2 0 have been proposed- In some cases RNA is used instead of DNA. 

Receptor-mediated gene delivery is a non-viral method of gene 
transfer that exploits the physiological cellular process, 
receptor-mediated endocytosis to internalise DNA. Receptor- 

25 mediated non-viral vectors have several advantages over viral 
vectors. In particular, they lack pathogenicity; they allow 
targeted gene delivery to specific cell types and they are not 
restricted in the size of nucleic acid molecules that can be 
packaged. Gene expression is achieved only if the nucleic acid 

30 component of the complex is released intact from the endosome 
to the cytoplasm and then crosses the nuclear membrane to 
access the nuclear transcription machinery. However, 
transfection efficiency is generally poor relative to viral 
vectors owing to endosomal degradation of the nucleic acid 

35 component, failure of the nucleic acid to enter the nucleus and 
the exclusion of aggregates larger than about 150nm from 
clathrin coated vesicles . 

Integrins are a super- family of heterodimeric membrane proteins 
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consisting of several different a and fi subunits. They are 
important for attachment of cells to the extracellular matrix, 
cell -cell interactions and signal transduction. Integrin-medi- 
ated cell entry is exploited for cell attachment and entry by a 
5 number of intracellular pathogens including Typanosoma cruzi 
(Fernand^ez et al . , 1993), adenovirus (Wickham et al . , 1993), 
echovirus (Bergelson et al . , 1992) and foot-and-mouth disease 
virus (Logan et al . , 1993) as well as the enteropathogen Y. 
pseudotuberculosis (Isberg, 1991) . Egg-sperm fusion is also 

10 integrin mediated. Intensive study of the invasin-integrin 
mediated internalisation process of Yersinia pseudotuberculosis 
demonstrated that, for efficient cell entry, integrin-binding 
ligands should have a high binding affinity and a non-polar 
distribution (Isberg, 1991) - Integrin-mediated internalisation 

15 proceeds by a phagocytic- like process allowing the 

internalisation of bacterial cells one to two micrometers in 
diameter (Isberg, 1991) . Targeting of non-viral vectors to 
integrins, therefore, has the potential to transfect cells in a 
process that mimics infection of cells by pathogens and avoids 

20 the size limitation imposed by clathrin-coated vesicles in 
receptor-mediated endocytosis. 

A further advantage of integrin-mediated vectors is that a 
large number of peptide ligands for integrin receptors have 

25 been described, including sequences derived from natural 

protein ligands [Verfaille, 1994 #635; Wang, 1995 #645; Staatz, 
1991 #539; Pierschbacher , 1984 #314; Massia, 1992 #86, Clements 
et al . 1994 & Lu et al, 1993] or selected from phage display 
libraries (Koivunen et al . 1995; 1993; 1994; O'Neil et al . 

30 1992; Healy et al 1995; Pasqualani et al , 1995). 

The conserved amino acid sequence arginine-glycine-aspartic 
acid (RGD) is an evolutionarily conserved feature of many, but 
not all, natural integrin-binding ligands such as extracellular 
35 matrix proteins and viral capsids. Peptides, particularly 
those containing cyclic-RGD domains can also bind integrins. 
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Peptides containing cyclic-RGD domains are particularly 
suitable ligands for vectors since they bind to integrins with 
higher affinities than linear peptides (Koivunen et al . 1995) . 
Hart et al . have demonstrated previously that multiple copies 
5 of a cyclic RGD peptide displayed in the major coat protein 
subunit of fd filamentous phage particles, approximately 900 nm 
in length, are internalised efficiently, by cells in tissue 
culture in an integrin-mediated manner (Hart et al . , 1994). 
The phage particles were probably internalised by a phagocytic- 
10 like process as their size would exclude them from endocytosed 
vesicles (Hart et al . , 1994). 

The cyclic RGD- containing peptide GGCRGDMFGCGG [K] le 
[SEQ. ID.NO. : 1] was synthesised with a sixteen-lysine tail for 

15 complex formation with plasmid DNA (Hart et al . , 1995) . 

Significant levels of integrin-mediated gene expression were 
achieved in epithelial cell lines with the vector 
GGCRGDMFGCG [K] 16 [SEQ . ID .NO . : 2] (Hart et al . , 1995) and the 
vectors GGCRGDMFGC [K] le [SEQ. ID.NO. :3] (W096/15811) . A similar 

20 peptide [K] leGACRGDMFGCA [SEQ. ID.NO- : 4] , which has the sixteen- 
lysine domain at the N-terminus and which is easier to syn- 
thesise than the prototype peptide (W096/15811 and Hart et al . , 
1997) generated better transfection levels. Integrin mediated 
gene expression was generally achieved at levels of about 1 to 

25 10%. The presence of chloroquine in the transfection medium 
gave some enhancement of transfection in some but not all cell 
lines tested. 

W098/54347 relates to an invention based on the surprising 
30 observation that inclusion of a lipid component in the above 
oligolysine/-peptide/DNA complex increases levels of 
transfection of DNA from about 1 to 10% to about 50 to almost 
100%. Not only is the level of transfection increased 
dramatically but, contrary to previous experience, the increase 
35 is observed in all cell lines tested, including endothelial, 
epithelial and tumour cell lines. 
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W098/54347 discloses a complex that comprises 
(i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 
5 (ii) an integrin-binding component, 

(iii) a polycat ionic nucleic acid-binding component, and 

(iv) a lipid component. 

The complex is a transfection vector. 

10 The present invention relates to modifications of the integrin- 
binding component of W098/54347, which result in further 
improvements in transfection efficiency. 

According to W098/534347, the integrin-binding component is any 
15 component that is capable of binding specifically to integrins 
found on the surface of cells. The integrin-binding component 
may be a naturally occurring integrin-binding ligand, for 
example, an extracellular matrix protein, a viral capsid 
protein, the bacterial protein invasin, a snake venom 
20 disintegrin protein, or an integrin-binding fragment of any 
sudh protein. Such integrin-binding proteins and fragments 
thereof may be obtained from natural sources or by recombinant 
techniques, but they are difficult to synthesise and purify in 
large amounts, they require conjugation directly to DNA or RNA 
25 or to polycationic elements for DNA or RNA binding, and are 
immunogenic in vivo. 

It is preferable to use integrin-binding peptides, in particu- 
lar because of their ease of synthesis, purification and stor- 

30 age, their potential for chemical modification, and their 
potentially low immunogenicity in vivo. Examples of integrin- 
binding peptides are given in Verfaille, 1994 #635; Wang, 1995 
#645; Staatz, 1991 #539; Pierschbacher , 1984 #314; Massia, 1992 
#86, Clements et al . 1994 & Lu et al, 1993; and in Koivunen et 

35 al.. 1995; 1993; 1994; O'Neil et al . 1992; Healy et al 1995; and 
Pasqualani et al . 1995. 
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As indicated above, peptides containing the conserved amino 
acid sequence arginine-glycine-aspartic acid (RGD) bind with 
high affinity to integrins , Accordingly, peptides comprising 
the RGD sequence are particularly useful. The affinity between 
5 integrin and peptide ligands is influenced by the amino acid 
sequence flanking the RGD domain. In peptides having a cyclic 
region encompassing all or part of the region comprising the 
RGD sequence, the conformational freedom of the RGD sequence is 
restricted. Such peptides generally have a higher affinity for 

10 integrin receptors than do their linear counterparts. Such 
cyclic peptides are particularly preferred. Cyclic peptides 
may be formed by the provision of two cysteine residues 
flanking the RGD sequence in the peptide, thus enabling the 
formation of a disulphide bond- A cysteine residue may be 

15 separated from the RGD sequence by one or more residues, for 
example, up to six residues, or may be immediately adjacent to 
the RGD sequence, although preferably both cysteines are not 
immediately adjacent to the ends of the RGD sequence. Two 
further cysteine residues may be present, enabling formation of 

20 two disulphide bonds. 

An example of an amino acid sequence that will permit 
cyclisation by disulphide bond formation is CRGDMFGC 
[SEQ. ID.NO. : 5] . A peptide that consists of or comprises the 
25 sequence CRGDMFGC may advantageously be used as an integrin- 
binding peptide according to the present invention. Examples 
of peptides that comprises the sequence CRGDMFGC and that are 
effective integrin-binding ligands are the peptides GGCRGDMFGC 
[ SEQ . ID . MO . : 6 ] , GGCRGDMFGCG [ SEQ . ID . NO . : 7 ] , GGCRGDMFGCA 
30 [SEQ. ID. NO. :8] and GACRGDMFGCA [SEQ . ID .NO . : 9] . 

The peptide GACDCRGDCFCA [SEQ . ID .NO .: 10] has the potential to 
form two disulphide bonds for stabilising the RGD loop. That 
peptide and others having the potential to form two RGD- 
35 stabilising disulphide bonds by the presence of two or more 
cysteine residues, may be particularly useful as integrin- 
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binding ligands according to the present invention. 

However, not all integrin-binding peptides contain the 
conserved RGD sequence. For example, the peptides GACRRETAWACA 
5 [SEQ. ID.NO. : 11] and GACRRETAWACG [SEQ . ID . NO . : 12 ] are integrin- 
specific peptides. Other peptides comprising the sequence 
CRRETAWAC [SEQ . ID . NO . : 13 ] may be used, as may other non-RGD 
peptides, particularly those that have the potential for 
disulphide bond formation by the provision of two or more 
10 cysteine residues. 

Peptide sequences may be designed on the basis of known 
ligands, for example, on the basis of integr in-binding domains 
of naturally-occurring integrin-binding ligands, or on the 
15 basis of known peptides that bind to integrins . 

As stated above integrins are a family of heterodimeric pro- 
teins found on the surface of cells. They consist of several 
different a. and S subunits. Some integrins are found on may 

20 types of cells^ others are more specific, for example^ a5 and 
av integrins are widespread and are found on a diverse range of 
cells. Integrin-binding ligands can vary in their affinity for 
different integrins . For example , GACRGDMFGCA [SEQ . ID .NO . : 9] 
(peptide 1) has affinity for a5 and av integrins but is noh- 

25 specif ic (O'Neil et al . 1992, Hart et al . 1997). GACDCRGDCFCA 
[SEQ . ID.NO .: 10] (peptide 5) has high affinity for integrin av 
but is not o!v-specific (Koivunen et al . 1995; Hart et al . 
1997). GACRRETAWACG [SEQ . ID .NO .: 12] (peptide 6) however, which 
does not contain the conserved RGD region, is aSlSl-specif ic 

30 (Koivunen et al . 1995). Various integrin-binding peptides and 
their integrin specificity are set out in the Table below: 

TABLE 



35 Peptide number and Sequence 
integrin specificity 



SEQ.ID.NQ. 
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Peptide 1 (av^aSSl) 
Peptide 2 (av,a5fil) 
Peptide 5 (av) 



GACRGDMFGCA 



GACDCRGDCFCA 



GACRGDMFGCGG 



SEQ.ID.NO- :10 



SEQ.ID.NO. :9 



SEQ. ID.NO. :14 



5 Peptide 6 (aSfil) 

Peptide 7 (a4Sl) 

Peptide 8 (a4fil) 

Peptide 9 (aSfil) 



GACRRETAWACG 



GACQIDSPCA 



GACRRETAWACGKGACRRETAWACG 



GAGPEILDVPST 



SEQ.ID.NO, :12 



SEQ.ID.NO. :16 



SEQ.ID.NO. :15 



SEQ.ID.NO. :17 



10 

In the various peptides described above by sequence, the 
initial residues "G6" or "GC", where present, are spacers. 
The present invention is based on the observation that 
modifying the spacer can improve transfection efficiency. 

15 

Accordingly, the present invention provides a complex that 
comprises 

(i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 
20 (ii) an integr in-binding component, 

(iii) a polycat ionic nucleic acid-binding component, and 

(iv) a lipid component, 

in which complex the integrin binding component comprises an 
integrin-binding element and a spacer element, the spacer 
25 element being longer and/or more hydrophobic than the dipeptide 
spacers GG (glycine-glycine) and GA (glycine-alanine) . 

A spacer element of the present invention is generally a 
peptide, that is to say, it comprises amino acid residues. The 
30 amino acids may be naturally occurring or non-natural ly 
occurring. They may have L- or D-conf iguration. 

A spacer of the present invention may be longer than a 
dipeptide. It may, for example, comprise three or more amino 
35 acids, for example, four or more, for example, five or more, 
for example, up to ten amino acids or more. The amino acids may 
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be the same or different, but the use of multiple lysine 
residues should be avoided in the spacer as oligolysine 
sequences are the preferred polycationic nucleic acid-binding 
component of a complex of the present invention. 

5 

The spacer may be more hydrophobic than the dipeptides GG and 
GA. For example, amino acids that are more hydrophobic than 
glycine and alanine may be used. Examples of hydrophobic amino 
acids are well known and include S-amino hexanoic acid. 

10 

A spacer may be either longer or more hydrophobic than the 
dipeptides GG and GA, or it may be both longer and more 
hydrophobic . 

15 An example of the latter type of spacer is 
XSXGA[SEQ.ID.NO. :18] , wherein 

S = serine, G = glycine, A = alanine and X = e-amino hexanoic 
acid. This spacer is highly hydrophobic. 

20 The spacer is generally at the N-terminus of the integrin- 
binding peptide. 

The non~ spacer element of the integrin-binding component may be 
any of the integrin-binding peptides or polypeptides described 

25 above . For example, it may be a naturally occurring integrin- 
binding ligand, for example, an extracellular matrix protein, a 
viral capsid protein, the bacterial protein invasin, a snake 
venom disintegrin protein, or an integrin-binding fragment of 
any such protein. Such integrin-binding proteins and fragments 

3 0 thereof may be obtained from natural sources or by recombinant 
techniques. As indicated above, it is generally preferable to 
use an integrin-binding peptide, examples of which are given 
above. It will be appreciated that in many cases the integrin 
binding peptides described above comprise both an integrin- 

35 binding peptide element and a spacer dipeptide GG or GC, see 
for example, the peptides of SEQ.ID.NO: 6, which comprises the 
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integrin-binding element CRGDMFGC and the dipeptide spacer GG. 
The spacer element of the present invention takes the place of 
a GG or OA spacer in peptides described above that comprises 
such a GG or GA spacer, 

5 

For example, integrin binding peptides include the following: 
CRGDMFGC [SEQ.ID.NO. :5] ; CRGDMFGCG [SEQ.ID.NO. :19] ; 

CRGDMFGCA [SEQ.ID.NO. :2 0] ; CDCRGDCFCA [SEQ.ID.NO. :21] ; 
CRRETAWACA [ SEQ . ID . NO . : 2 2 ; CRRETAWACG [ SEQ . ID . NO . : 2 3 ; 
10 CRGDMFGCGG [SEQ . ID . NO . : 24 ; GPEILDVPST [SEQ . ID . NO . : 25 ; 
CQIDSPCA [ SEQ . ID . NO . : 2 6 ] ; CRRETAWACGKGACRRETAWACG 
[SEQ- ID.NO. :27] . Further suitable peptides are described, for 
example, in W095/14714. 



ISA spacer of the present invention may be linked to any of the 
above peptide, preferably at the N-terminus thereof. 

In a complex of the present invention, the nucleic acid, the 
polycationic nucleic acid-binding component and the lipid 
20 component are preferably as described in W098/54347, and as set 
out below. 



The nucleic acid may be obtained from natural sources, or may 
be produced recombinantly or by chemical synthesis. It may be 

25 modified, for example, to comprise a molecule having a specific 
function, for example, a nuclear targeting molecule. The 
nucleic acid may be DNA or RNA. DNA may be single stranded or 
double stranded. The nucleic acid may be suitable for use in 
gene therapy, in gene vaccination or in an anti-sense therapy. 

30 The nucleic acid may be or may relate to a gene that is the 
target for particular gene therapy that is to say, a gene for 
newer treatment by gene therapy is desired, fore example, a 
gene having a mutation, or another defect, or a gene that is 
deficient, or a gene that is deficient, or a gene that is 

35 absent or is present in insufficient amounts or that is present 
in excess, any of which effects causes a disease or disorder. 
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The nucleic acid may be a molecule that can function as a gene 
vaccine or as an anti-sense therapeutic agent. The nucleic 
acid may be or correspond to a complete coding sequence or may 
be part of a coding sequence or may be a control or regulatory 
5 element or may be or correspond to a genetic sequence 
comprising all or some elements selected from the coding 
sequence of a gene and the upstream and downstream non 
translated sequences, including control and regulatory 
elements . 

10 

Alternatively, the nucleic acid may encode a protein that is 
commercially useful, for example industrially or scientifically 
useful, for example an enzyme; pharmaceutically useful, for 
example, a protein that can be used therapeutically or 
15 prophylactically as a medicament or vaccine; or diagnostically 
useful, for example, an antigen for use in an ELISA. Host 
cells capable of producing commercially useful proteins are 
sometimes called "cell factories". 

20 Appropriate transcriptional and translational control elements 
are generally provided when the nucleic acid is a protein 
coding sequence. For gene therapy, the nucleic acid component 
is generally presented in the form of a nucleic acid insert in 
a plasmid or vector. In some cases, however, it is not 

25 necessary to incorporate the nucleic acid component in a vector 
in order to achieve expression. For example, gene vaccination 
and anti- sense therapy can be achieved using a naked nucleic 
acid. 

30 The nucleic acid is generally DNA but RNA may be used in some 
cases, for example, in cancer vaccination. The nucleic acid 
component may be referred to below as the plasmid component or 
component "D" . 

35 The polycationic nucleic acid-binding component is any 
polycation that is capable of binding to DNA or RNA is 
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retained. For example, from 4 to 100 cationic monomers may be 
present, for example, from 10 to 20, especially about 16. An 
oligolysine is particularly preferred, for example, having from 
3 to 100 lysine residues, for example, from 10 to 20, for 
5 example, from 13 to 19, for example, from 14 to 18, for 
example, from 15 to 17 residues, especially 16, 17 or 18 
residues especially [KJis, "K" denoting lysine. 

The polycationic DNA or RNA-binding component may 
10 advantageously be linked or otherwise attached to the integrin- 
binding component . A combined integrin-binding 
component /polycationic DNA or RNA-binding component may be 
referred to below as component ^^I" . For example, a polycationic 
DNA or RNA-binding component may be chemically bonded to an 
15 integrin-binding component, for example, by a peptide bond in 
the case of an oligolysine. The polycationic component may be 
linked at any position of the integrin-binding component. 
Preferred combinations of integrin-binding component and 
polycationic DNA or RNA-binding component are an oligolysine, 
20 especially [K]i6, linked via a peptide bond to a peptide, for 
example, a peptide as described above. 

A combined integrin-binding component /polycationic DNA or RNA- 
binding component is a component having an integrin-binding 
25 moiety that is the integrin-binding component as defined and 
described herein linked or otherwise attached to a polycationic 
DNA or RNA binding moiety that is a polycationic DNA or RNA 
component as defined and described herein. 

30 The polycationic DNA or RNA-binding component may advantageous- 
ly be linked or otherwise attached to the integrin-binding 
component. A combined integrin-binding component/polycationic 
DNA or RNA-binding component may be referred to below as compo- 
nent "I". For example, a polycationic DNA or RNA-binding 

3 5 component may be chemically bonded to an integrin-binding 
component, for example, by a peptide bond in the case of an 
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oligolysine. The polycationic component may be linked at any 
position of the integrin-binding component. Preferred combina- 
tions of integrin-binding component and polycationic DMA or 
RNA-binding component are an oligolysine, especially [K]i6, 
5 linked via a peptide bond to a peptide, for example, a peptide 
as described above. 

It is disclosed in W098/54347 that the use of a lipid greatly 
enhances transfection for all peptides and all cell types 
10 tested, unlike other enhancement techniques that have been 

tried, for example, chloroquine, which enhance transfection to 
a small extent in some but not all cell types tested. 

The lipid component may be or may form a cationic liposome. 
15 The lipid component may be or may comprise one or more lipids 
selected from cationic lipids and lipids having membranae 
destabilising or fusogenic properties, especially a combination 
of a cationic lipid and a lipid that has membrane destabilising 
properties . 

20 

A preferred lipid component ("L") is or comprises the neutral 
lipid dioleyl phosphatidylethanol amine, referred to herein as 
"DOPE" . DOPE has membrane destabilising properties sometimes 
referred to as "fusogenic" properties (Farhood et al . 1995). 
25 Other lipids, for example, neutral lipids, having membrane 
destabilising properties, especially membrane destabilising 
properties like those of DOPE may be used instead of or as well 
as DOPE. 

30 Other phospholipids having at least one long chain alkyl group, 
for example, di (long alkyl chain) phospholipids may be used. The 
phospholipid may comprise a phosphatidyl group, for example, a 
phosphatidylalkanolamine group, for example, a phosphatidyl - 
ethanolamine group. 

35 

A further preferred lipid component is or comprises the 
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cationic lipid N- [1- (2 , S-dioleyloxy) propyl] -N,N,N-trimethyl- 
ammonium chloride, referred to herein, as "DOTMA" . DOTMA has 
cationic properties. Other cationic lipids may be used in 
addition to or as an alternative to DOTMA, in particular 
5 cationic lipids having similar properties to those of DOTMA. 
Such lipids are, for example, quaternary ammonium salts 
substi^tuted by three short chain alkyl groups, and one long 
chain alkyl group. The short chain alkyl groups may be the 
same or different, and may be selected from methyl and ethyl 
10 groups . At least one and up to three of the short chain alkyl 
group may be a methyl group. The long alkyl chain group may 
have a straight or branched chain, for example, a di (long chain 
alkyl ) alkyl group . 

15 Another preferred lipid component is or comprises the lipid 
2 , 3-dioleyloxy-N- [2- (spermidinecarboxami do) ethyl] -N,N-dimethyl- 
1-propanaminiumtrif luoridoacetate, referred to herein as 
"DOSPA" . Analogous lipids may be used in addition to or as an 
alternative to DOSPA, in particular lipids having similar 

20 properties to those of DOSPA- Such lipids have, for example, 
different short chain alkyl groups from those in DOSPA. 

A preferred lipid component comprises DOPE and one or more 
other lipid components, for example, as described above. 

25 Especially preferred is a lipid component that comprises a 
mixture of DOPE and DOTMA. Such mixtures form cationic 
liposomes. An equimolar mixture of DOPE and DOTMA is found to 
be particularly effective. Such a mixture is known generically 
as "lipofectin" and is available commercially under the name 

30 "Liipof ectin" . The term "lipofectin" is used herein generically 
to denote an equimolar mixture of DOPE and DOTMA. Other 
mixtures of lipids that are cationic liposomes having similar 
properties to lipofectin may be used. Lipofectin is particu- 
larly useful as it is effective in all cell types tested. 

35 

A further preferred lipid component comprises a mixture of DOPE 
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and DOSPA. Such mixtures also form cationic liposomes. A 
mixture of DOPE and DOSPA in a ratio by weight 3:1 DOSPA: DOPE 
is particularly effective. Such a mixture, in membrane fil- 
tered water, is available commercially under the name "Lipo- 
5 fectamine" . Mixtures comprising DOPE, DOTMA and DOSPA may be 
used, for example, mixtures of lipofectin and lipof ect amine . 

Other cationic lipids are available commercially, for example, 
DOTAP (Boehringer-Mannheim) and lipids in the Tfx range 

10 (Promega) . DOTAP is N- [1- (2 , 3 -diolyloxy) propyl] -N, N, N-tri- 
methyl ammonium methyl sulphat e . The Tfx reagents are mixtures 
of a synthetic cationic lipid [N,N,N' ,N' -tetramethyl-N,N* - 
bis (2-hydroxyethyl) -2,3-'di (oleoyloxy) -1 , 4-butanediammonium 
iodide and DOPE. All the reagents contain the same amount of 

15 the cationic lipid component but contain different molar 
amounts of the fusogneic lipid, DOPE. 

However, lipofectin and lipof ectamine appear to be markedly 
more effective as the lipid component in LID complexes of the 
2 0 present invention than are DOTPA and Tfx agents. 

The effectiveness of a putative integrin-binding component, 
polycationic DNA or RNA-binding component, or of lipid compo- 
nent may be determined readily using the methods described 
25 herein. 

The efficiency of transfection using a complex of the invention 
is influenced by the ratio lipid component : integrin-binding 
component : DNA or RNA. For any chosen combination of components 
30 for any particular type of cell to be transfected, the optimal 
ratios can be determined simply by admixing the components in 
different ratios and measuring the transfection rate for that 
cell type,, for example, as described herein. 

35 For example, a combination consisting of a pGL2 plasmid, which 
is a plasmid encoding luciferase (a reporter gene) under an 
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SV4 0 promoter as DNA component (D) , [K] leGACRGDMFGCA 
[SEQ. ID.NO . : 9] ( [K] is -peptide 1) as a combined integrin-binding 
component /polycat ionic DNA binding component (I) , and lipo- 
fectin (DOPE : DOTMA 1:1 molar ratio) as the lipid component (L) 
5 was tested to find the optimal ratio of components. Complexes 
formed with 1 pg of lipofectin (L) and 4 ]ig of [K] ig-peptide (I) 
per 1 |ig of plasmid (D) were 100-fold more active than 
complexes lacking lipofectin. Addition of larger amounts of 
lipofectin reduced transfection activity in a lipofectin dose- 
10 dependent manner. 

An optimal transfection ratio of 0.75 jig of lipofectin (L) per 
4 ]ig of the [K] 16-peptide integrin-binding component/ -poly- 
cat ionic DNA or RNA-binding component (I) per 1 ug plasmid DNA 

15 or RNA (nucleic acid component, D) was found for three differ- 
ent cell lines namely melanoma cell, endothelial cells and 
epithelial cells. That ratio was subsequently found to be 
effective for other different cell lines and for other oligo- 
lysine-peptides • A ratio L:I:D of 0.75:4:1 by weight corre- 

20 sponds to a molar ratio of 0.5 nmol lipofectin: 1.25 nmol [K]i6- 
peptide 6: 0.2 5 pmol plasmid pGL2 -control . A ratio L:I:D of 
0.75:4:1 by weight, or the correspondirig molar ratio are pre- 
ferred when lipofectin is used as the lipid component. 

25 For a combination of components in which lipofectin is replaced 
by lipofectamine (DOPE/DOSPA) , the optimal ratio was found to 
be 12 \ig lipofectamine: 4 lag [K] ig-peptide 6 : 1 pg plasmid DNA 
or RNA. A ratio of L:I:D of 12:4:1 by weight, or the corres- 
ponding molar ratio, is appropriate for lipof ectamine-con- 

30 taining complexes. Optimal ratios for other systems may be 
determined analogously. 

Lipofectin and lipofectamine appear to be particularly effec- 
tive in enhancing transfection. Lipofectin has the advantage 
35 that only very small amounts are required. Any side effects 
that may occur are therefore minimised. As indicated above. 
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the optimal weight ratio of components L:I:D when using lipo- 
fectamine is 12:4:1. With lipofectin the optimal ratio is only 
0.75:4:1- 

5 The present invention provides a process for the production of 
a transfection complex of the present invention, which 
comprises admixing components (i) , (ii) , (iii) and (iv) . 

Although the components may be admixed in any order, it is 
10 generally preferable that the lipid component is not added 
last. In the case where there is a combined integrin-binding 
component/polycationic DNA or RNA-binding component it is 
generally preferable to combine the components in the following 
order: lipid component; combined integrin-binding/polycat ionic 
15 DNA or RNA-binding component; DNA or RNA component, for 
example, in the order: lipofectin, oligolysine-peptide 
component ,. DNA or RNA component . 

The present invention also provides a mixture comprising an 
20 integrin-binding component, a polycationic nucleic acid-binding 
component, and a lipid component. 

Such a mixture may be used to produce a nucleic acid- containing 
transfection complex of the invention by the incorporation of a 

25 nucleic acid with the mixture, for example, by admixture. 

Alternatively, the mixture of the invention may be used for the 
production of a complex which comprises, instead of the nucleic 
acid component, any other component that is capable of binding 
to the polycationic nucleic-acid binding component, for 

3 0 example, a protein. 

The present invention further provides a process for the pro- 
duction of a complex of the present invention, which comprises 
admixing a nucleic acid with a mixture of the invention. 

35 

The individual components of a mixture of the invention are 
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each as described above in relation to the complex of the 
invention. The preferred components, preferred combinations of 
components, preferred ratios of components and preferred order 
of mixing, both with regard to the mixture and to the produc- 
5 tion of a complex, are as described above in relation to the 
complex of the invention. 

A mixture of the present invention preferably comprises an 
equimolar mixture of DOPE and DOTMA (lipofectin) as the lipid 
10 component and an oligolysine-peptide especially a [K] is-peptide 
as a combined integrin-binding/nucleic acid-binding component. 

The preferred molar ratio lipofectine : oligolysine-peptide is 
0.75:4. 

15 The present invention provides a method of transf ecting a cell 
with a nucleic acid, which comprises contacting the cell in 
vitro or in vivo with a complex of the present invention under 
conditions suitable for effecting transf ect ion, for example, as 
described in the Examples herein. 

20 

The present invention also provides . a process for expressing a 
nucleic acid in a host cell, which comprises bringing the cell 
into contact with a complex of the present invention. The host 
cell is then cultured under conditions that enable the cell to 
25 express the nucleic acid. 

The present invention further provides a process for the pro- 
duction of a protein, which comprises contacting a host cell in 
vitro or in vivo with a complex of the present invention under 

30 conditions suitable for effecting transf ection, culturing the 
host cell under conditions suitable for protein expression, 
allowing the cell to express the protein, and obtaining the 
protein. The host cell may be transf ected in vitro with a 
nucleic acid by means of -a complex of the present invention and 

35 cultured, the protein being obtained either from the host cell 
or from the culture medium. 
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The present invention further provides a cell transfected with 
a complex of the present invention, and also the progeny of 
such a cell. 

5 

The present invention also provides a pharmaceutical 
composition which comprises a complex of the present invention 
in admixture or conjunction with a pharmaceutical ly suitable 
carrier. The composition may be a vaccine. 

10 

The present invention also provides a method for the treatment 
or prophylaxis of a condition caused in a human or in a non- 
human animal by a defect and/or a deficiency in a gene, which 
comprises administering a complex of the present invention to 
15 the human or to the non-human animal in an amount effective for 
said treatment or prophylaxis- 

The present invention also provides a method for therapeutic or 
prophylactic immunisation of a human or of a non-human animal, 
20 which comprises administering a complex of the present inven- 
tion to the human or to the non-human animal in an amount 
effective for said therapeutic or prophylactic immunisation. 

The present invention also provides a method of anti- sense 
25 therapy of a human or of a non-human animal, wherein a complex 
of the present invention comprising anti-sense DNA is adminis- 
tered to the human or to the non-human animal in an amount 
effective for said anti -sense therapy. 

3 0 The present invention further provides a complex of the present 
invention for use as a medicament and/or vaccine, for example 
for the prophylaxis of a condition caused in a human or in a 
non-human animal by a defect and/or a deficiency in a gene, for 
therapeutic or prophylactic immunisation of a human or of a 

35 non- human animal, or for anti-sense therapy of a human or of a 
non-human animal , 
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The present invention also provides the use of a complex of the 
present invention for the manufacture of a medicament for the 
prophylaxis of a condition caused in a human or in a non-human 
5 animal by a defect and/or a deficiency in a gene, for ther- 
apeutic or prophylactic immunisation of a human or of a non- 
human animal, or for anti-sense therapy of a human or of a non- 
human animal . 

10 A non-human animal is, for example, a mammal, bird or fish, and 
is particularly a commercially reared animal. 

The DNA or RNA in the complex of the invention is appropriate 
for the intended gene therapy, gene vaccination, or anti -sense 
15 therapy. The DNA or RNA and hence the complex is administered 
in an amount effective for the intended purpose. 

In a further embodiment, the present invention provides a kit 
suitable for preparing a mixture of the present invention. 
20 Such a kit comprises the following: (i) an integrin-binding 
component as defined above; (ii) a polycat ionic nucleic acid- 
binding component, (iii) a lipid component and, optionally, 
(iv) an agent that disrupts cell-cell junctions. 

25 A kit suitable for producing a complex of the present invention 
may comprise components (i) to (iv) above and (v) either a 
nucleic acid or a plasmid or vector suitable for the expression 
of a nucleic acid, the plasmid or vector being either empty or 
comprising the nucleic acid. 

30 

The components of a kit are, for example, as described above in 
relation to a complex or a mixture of the present invention. 
Preferred components are as described above . 

35 A kit generally comprises instructions for the production of a 
complex or a mixture of the present invention. The instruc- 
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tions preferably indicate the preferred ratios of the compo- 
nents and the preferred order of admixing the components, for 
example, as described above. A kit may be used for producing a 
complex suitable for gene therapy, gene vaccination or anti- 
5 sense therapy. Alternatively, it may be used for producing a 
complex suitable for transfecting a host cell with a nucleic 
acid encoding a commercially useful protein i.e. to produce a 
so-called "cell factory" . 

10 The kit of the present invention enables the user to produce 
quickly and easily a highly efficient transfection complex of 
the present invention using any DNA or RNA of choice. 

A kit of the invention may comprises the following components: 
15 (a) an integrin-binding component as defined above, (b) a 
polycationic nucleic acid-binding component, (c) a lipid 
component, (d) a nucleic acid and optionally (e) an agent that 
disrupts cell -cell junctions. 

2 0 Such a kit is suitable for the production of a complex for use, 
for example, in gene vaccination or ant i- sense therapy. 

In a kit of the invention the components including the 
preferred components are, for example, as described above in 
25 relation to a complex of the present invention. 

The present invention also provides a lipid component as 
described above for use in increasing the efficiency of 
transfection of a cell with a nucleic acid, either DNA or RNA, 
30 the lipid component being used in combination with an integrin- 
binding component as defined above and a polycationic nucleic 
acid-binding component. 

The present invention also provides the use of a lipid 
35 component as described above for the manufacture of a 
medi cament compr i s ing 
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(i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 

(ii) an integrin-binding component as defined above, 

(iii) a polycationic nucleic acid-binding component and 
5 (iv) the lipid component. 

The medicament may be for gene therapy, gene vaccination, or 
ant i- sense therapy. 

10 The present invention also provides a complex that comprises 

(i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 

(ii) an integrin-binding component as defined above, and 

(iii) a polycationic a nucleic acid-binding component, 
15 characterised in that a lipid component, for example as 

described above, is an additional component of the complex. 

The present invention also provides a method for increasing the 
efficiency of a complex that comprises 
20 (i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 

(ii) an integrin-binding component as defined above, and 

(iii) a polycationic a nucleic acid-binding component, 
characterised in that a lipid component, for example as 

25 described above, is incorporated as an additional component of 
the complex. 

In each case, the various components are as described above. 
The lipid component is, for example, a mixture of DOPE and 
30 DOSPA or, especially, a mixture of DOPE and DOTMA, in particu- 
lar an equimolar mixture of DOPE and DOTMA (lipofectin) . 

Targets for gene therapy are well known and include monogenic 
disorders, for example, cystic fibrosis, various cancers, and 
35 infections, for example, viral infections, for example, with 
HIV. For example, transfection with the p53 gene offers great 
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potential for cancer treatment. Targets for gene vaccination 
are also well known, and include vaccination against pathogens 
for which vaccines derived from natural sources are too danger- 
ous for human use and recombinant vaccines are not always 
5 effective, for example, hepatitis B virus, HIV, HCV and herpes 
simplex virus. Targets for anti-sense therapy are also known. 

Further targets for gene therapy and ant i- sense therapy are 
being proposed as knowledge of the genetic basis of disease 
increases, as are further targets for gene vaccination. 

10 

Complexes of the present invention have been demonstrated to 
transfect various different cell types, including endothelial 
and epithelial cells, and tumour cells. Transfection of all 
cell types tested including cell types that are particularly 

15 reistant to transfection with most plasmid transfection 
vectors, for example, neuroblastoma cells, primary smooth 
muscle cells and cardiac myocytes, and haematopoieic cells has 
been achieved with high efficiency using transfection complexes 
of the present invention. This enables effective gene therapy, 

20 gene vaccination and anti- sense therapy without the previous 
restrictions as to cell type. For example, transfection with 
the p53 gene for cancer therapy has great potential but is 
currently limited by the range of cell types in which effective 
transfection can be achieved. 

25 

The effective tranfection of neuroblastoma cells demonstrates 
that the complexes of the invention may be used as vaccines or 
for therapy of neuroblastoma, an important childhood malig- 
nancy. The effective transfection of primary smooth muscle 

30 cells and cardiac myocytes, which are particularly resistant to 
plasmid^-mediated transfection, demonstrates that diseases and 
other pathological conditions affecting muscles and the 
cardiovascular system can now be treated by gene therapy. One 
such condition is restenosis. After balloon angioplasty 

35 plaques reform in 30-50% of cases. A gene that prevents pro- 
liferation of cells in blood vessel walls may be introduced 
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using a complex of the present invention to reduce restenosis. 

Haematopoietic cells are another cell type that is particularly- 
resistant to plasmid-mediated transf ection. The effectiveness 
5 of tranf ection using a complex of the present invention, which 
can exceed 60%, now enables gene therapy, gene vaccination and 
anti-sense therapy of diseases involving haematopoietic cells, 
including leukaemia and bone marrow stem cell disorders. For 
example, transf ection of a cytokine gene may be used for 
10 adjuvant immunotherapy. 

Complexes of the invention have been demonstrated to be 
effective vectors for intracellular transport and delivery of 
anti-sense oligonucleotides, which enables antiviral and cancer 
15 therapy. 

Furthermore, complexes of the invention have been demonstrated 
to be effective for intracellular transport of very large DNA 
molecules, for example, DNA larger than 125kb, which is par- 
20 ticularly difficult using conventional vectors. This enables 
the introduction of artificial chromosomes into cells . 

Transf ection at high levels has been demonstrated in vivo, 
confirming the utility of the complexes of the invention for 

25 gene therapy, antisense therapy and gene vaccination. 
Transf ection of the airways, for example, the bronchial 
epithelium demonstrates utility for gene therapy of, for 
example, cystic fibrosis and asthma. Transf ection of corneal 
endothelium demonstrates utility for treatment of eye disease 

30 affecting the cornea or corneal organ transplants, for example 
in glaucoma. 

The high levels of transf ection make the complex of the inven- 
tion particularly suitable for the production of host cells 
35 capable of producing a desired protein, so-called "cell fac- 
tories" • For long-term production, it is desirable that the 
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introduced nucleic acid is incorporated in the genome of the 
host cell, or otherwise stably maintained. That can be readily- 
ascertained. As indicated above, the range of proteins pro- 
duced in this way is large, including enzymes for scientific 
5 and industrial use, proteins for use in therapy and prophylax- 
is, immunogens for use in vaccines and antigens for use in 
diagnosis . 

The present invention provides a non-viral vector that is 

10 capable of high efficiency transf ection. In a preferred 
embodiment, the vector comprises four modular elements; an 
oligolysine, especially [K]i6, DNA or RNA-binding element; a 
high affinity integrin-binding peptide, for example, a peptide 
described herein; a DNA or RNA sequence, optionally in a 

15 plasmid, and optionally regulated by a viral promoter and an 
enhancing element; the cationic liposome DOTMA/DOPE 
(lipofectin) . The combination of oligolysine -pep tide/DNA or RNA 
complex with the cationic liposome formulation DOTMA/DOPE is a 
potent combination. Alternatively a DOPE/DOSPA formulation may 

20 be used instead of or in addition to a DOTMA/DOPE formulation. 
The optimisation of variables associated with complex 
formation and the mode of transfection by LID complexes has 
been demonstrated. In addition, analysis by atomic forces 
microscopy has been carried out to assess the structure of the 

25 complexes . 

The most important variables in the formation of optimal LID 
transfection complexes appear to be the ratio of the three com- 
ponents and their order of mixing. The same composition 
30 appears to be optimal for all cell lines tested. 

The mechanism of action of the complex of the present 
invention, the reason for the unexpectedly high levels of 
transfection and the surprisingly wide variety of cells that 
35 can be transf ected at that high efficiency are not yet 
understood. 
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However, the following observations made as a result of the 
present invention indicate that the role of the lipid component 
is to enhance the efficiency of transfection mediated by oligo- 
5 lysine-peptide/DNA or RNA complexes: 

The level of transfection with LID (lipof ectin/ [K] i^- 
peptide/plasmid) complexes is three to six fold higher than 
that with liKD (lipof ectin/ [K] le/plasmid) complexes prepared with 
10 the same charge ratios, or with LD (lipof ectin/plasmid) com- 
plexes. This indicates that the integrin- targeting moiety, i.e. 
the peptide, is a significant factor in the transfection effi- 
ciency of those complexes. 

15 Optimised LID transfection complexes contain only one seventh 
of the amount of lipofectin required for optimal transfection 
with LD complexes. Transf ections with low-ratio LD complexes 
that contain the same ratio of lipofectin to [K] ig-peptide/- 
plasmid as in optimal LID complexes but no [K] le -peptide, did 

2 0 not transf ect cells at all. This suggests that the role of 

lipofectin in LID complexes is to enhance transfection mediated 
by the integrin receptor-binding peptide. 

Furthermore, we have found that both LID and ID complexes both 
25 form spherical particles of similar sizes. Optimal LD 
complexes, however, formed a tubular network with some 
tubule-associated particles, which suggests a different type of 
cellular interaction and transfection mechanism from LID and ID 
transf ections . 

30 

It is possible that condensation of plasmid DNA or RNA by the 
oligolysine element of the integrin- targeting oligolysine- 
peptides and the cationic charge of the complexes may lead to 
high levels of expression when associated with lipofectin, and 
35 the integrin targeting moiety i.e. the peptide is irrelevant. 
Transfection experiments with LKD complexes, mixed in the same 
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order and the same charge ratios as the LID complexes, were 
more efficient than LD or KD complexes. To assess the contri- 
bution of the relative importance of the oligolysine element 
and the integrin-targeting peptide domain of the combined 
5 integrin-binding component /polycationic DNA or RNA-binding 
component I, transfection by LID complexes were prepared con- 
taining a range of proportions of [K] le and [K] i^integrin target- 
ing peptide 6, [K] igGACRRETAWACG [SEQ . ID -NO . : 35] • Transfection 
expression data indicate higher efficiencies with complexes in 
10 which increasing amounts of [K] lepeptide 6 replace [K] is and a 
dose -dependency on the amount of integrin- target ting (ligand- 
binding) domain i.e. peptide 6. 

The ratio of components mixed together to form the optimal 

15 transfection complex is also informative as to the possible 
mechanism of lipofectin mediated enhancement. The DOTMA 
element of lipofectin is cat ionic, which may enhance the 
activity of the complex, while DOPE may have the ability to 
destabilise the endosomal membrane (Farhood et al . , 1935) 

20 enhancing endosomal release of plasmid DNA or RNA. The compo- 
nents of the LID complexes are mixed together in constant 
optimal ratios. It is assumed that the particles formed also 
contain these elements in the same proportions. Therefore, 3 
nmol negative charge from plasmid DNA or RNA are associated 

25 with approximately 21 nmol positive charge from the [K] is- 
peptide. Lipofectin, however, provides only a further 0.25 
nmol of positive charge. This suggests that, contrary to 
expectations, the enhancing effect of lipofectin in LID com- 
plexes is not charge related but may relate to the membrane 

30 destabilising effect of the DOPE component. 

While not limited to the following theory of the mechanism of 
action, the following model of the early stages of the 
transfection process, which is based on the obseorvations 
35 described herein, is proposed to explain the surprising and 
unexpected high efficiency of transfection by LID complexes. 



wo 01/92542 



PCT/GBOl/02394 



- 27 - 

which high efficiency is found in all the cell types 
investigated . 

The complexes are formed electrostatically by random 
5 association of lipofectin, oligolysine-peptide and plasmid DNA 
or RNA. The relative high proportion of oligolysine-peptide 
ensures a high proportion of integrin-targeting ligands per 
plasmid molecule. Particles are formed that contain one or 
more plasmids, associated with thousands of oligolysine-pep- 

10 tides and, therefore, a very high concentration of integrin- 
targeting ligands. By mixing lipofectin with the oligolysine- 
peptide, then adding plasmid DNA or RNA complexes are formed 
containing all three components. The particles, due to the 
high density of ligands, have a high avidity for integrins on 

15 cell surfaces, bind and are internalised by a phagocytic pro- 
cess (Hart et al . , 1994). The vesicles fuse to form endosomes 
where, under acid conditions, the DOPE element contained within 
the particles mediates destabilisation of the endosomal mem- 
brane and subsequent plasmid release into the cytoplasm. 

20 Phagocytosed particles lacking lipofectin are degraded in the 
endosomes. Particles lacking the integrin-targeting moiety are 
less efficient at cell binding and internalisation. Both 
lipofectin and the oligolysine ([Klie) element of the oligo- 
lysine-peptides probably contribute to the overall efficiency 

25 of the LID complexes but the integrin-targeting capacity of the 
oligolysine/peptide component appears to be important for 
optimal targeting and internalisation of the complexes. 

The present invention also relates to the use of the modified 
3 0 spacer element of the integrin-binding component in another 
transfection complex. As indicated above, W096/15811 described 
a transfection complex that comprises an integrin-binding 
component, a nucleic acid binding component and a nucleic acid, 
that is to say, it describes a complex analogous to the LID 
35 comlex described above, but lacking the lipid component. We 

have found, as described above, that the inclusion of the lipid 
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component greatly improves the transf action efficiency. 
However, there maybe circumstances when the increased levels of 
transfection that result from the use of an improved spacer 
element as described herein may give transfection levels that 
Bare sufficient even in the absence of the lipid component. 

Accordingly, the present invention also provides a complex that 
comprises 

(i) a nucleic acid, especially a nucleic acid encoding a 
10 sequence of interest, 

(ii) an integrin-binding component, and 

(iii) a polycationic nucleic acid-binding component, 

in which complex the integrin binding component comprises an 
integrin-binding element and a spacer element, the spacer 
15 element being longer and/or more hydrophobic than the dipeptide 
spacers GG (glycine -glycine) and GA (glycine-alanine) . 

The various components of the complex are as described above 
for the lipid-containing complex. The invention also provides 
20 all the various other embodiments described above in relation 
to the lipid containing complex when modified by the omission 
of the lipid component. 

It is known that transfection efficiency of confluent and other 
25 slowly dividing and non-dividing cells is very low, 

particularly when receptor targeted vectors are used. We have 
now found that transfection of confluent and other slowly 
dividing and non-dividing cells that are in contact with each 
other using an integrin- targeted vector may be greatly 
30 increased when the cells are also treated with an agent that 
disrupts cell-cell junctions. 

We found that transfection efficiency of airway epithelial 
cells in vitro using two different reporter genes was increased 
35 about four- fold, and in vivo transfection of mouse lungs was 
also increased about four- fold. 
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The observation is particularly surprising in view of the fact 
that calcium ions have previously been shown to be important 
for transfection using polycationic vectors and, furthermore, 
5 the fact that the cells were not mitotic. The use of the 
calcium- chelating agent EGTA would have been predicted, on the 
basis of the observations of Haberland, to reduce transfection 
efficiency, not to increase it. Furthermore, and independently, 
the problem of access of the introduced nucleic acid to the 

10 nucleus still remains. The major limiting step in transfection 
of non-mitotic cells is considered to be delivery of the 
transfected nucleic acid into the nucleus. Transportation of 
the nucleic acid through the cytoplasm to the nucleus is slow 
and the pores in the nuclear envelope are too small to permit 

15 rapid entry of the transfected nucleic acid. It should be 

noted that Wang (1998) used keratinocyte growth factor (KGF) to 
stimulate proliferation of differentiated epithelia 
treated with EGTA. No such agent was used in our 
investigations . 

20 

Accordingly, any of the embodiments of the present invention 
may be carried out in the presence of an agent that disrupts 
cell -cell junctions, that is to say, the transfection step 
involved in those embodiments may be carried out in the 
25 presence of an agent that disrupts cell-cell junctions- 

For example, the present invention also provides a method of 
transfecting confluent cells or other slowly dividing cells or 
non-dividing cells that are in contact with each other, that is 
30 to say, cells that are substantially non-mitotic, with a 

nucleic acid, which method comprises treating the cells with a 
complex of the present invention and with an agent that 
disrupts cell -cell junctions. 

35 The use of an agent that disrupts cell-cell junctions to 

er±Lance transfection, particularly of confluent cells or other 
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slowly dividing cells increases the range of cells that can be 
transfected efficiently, whether for use in vitro, for example, 
as a "cell factoiry"/ for subsequent use in gene therapy, or in 
transf ections carried out in vivo. 

5 

The confluent cells or other slowly dividing cells or non- 
dividing cells that are in contact with each other may be in 
the form of a culture, for example, a confluent culture in 
vitro. Methods for producing such cultures are well known, and 
10 any cells that can be grown to confluence in vitiro may be 
transfected according to the present invention. 

Alternatively, confluent cells or other slowly dividing cells 
or non-dividing cells that are in contact with each other may 

15 be transfected in vivo. A particular example of a tissue that 
comprises confluent, differentiated and hence substantially 
non-dividing cells and that has proved recalcitrant to 
transfection is the airway epithelium, a target for gene 
therapy for cystic fibrosis and asthma. Other epithelial and 

20 endothelial tissues are also particularly suitable targets for 
transfection according to the present invention. 

The cell-cell junctions that are to be disrupted in the method 
of the present invention are junctions between adjacent cells. 

25 The exact types of junction may vary from tissue to tissue to 
cell type to cell type, and the junctions include gap junctions 
and tight junctions. The tight junction, found in epithelia, 
is also known as zonula occuldens. The cell -cell junctions to 
be disrupted according to the present invention are not limited 

30 to junctions in any specific tissue or between any particular 
types of cells. Examples of junctions that may be disrupted 
include those found in certain types of tissues in vivo, for 
example, epithelial and endothelial tissues. 

35 Agents that are capable of disrupting cell-cell junctions, for 
example, gap junctions and tight junctions, are known, for 
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example, calcium-chelating agents and calcium-binding agents, 
for example, EDTA (ethylenediaminetetra-actetic acid) or, 
especially, EGTA (ethylene glycol -bis ((3-aminoethyl ether) - 
N,N,N' ,N' -tetraacetic acid) (Schmid RW & Reilly CN, Analytical 
5 Chemistry 29, 264, 1957) . EGTA is generally preferred as it is 
more specific for calcium than is EDTA. It is also better 
tolerated by cells, both in vltjro and in vivo. 

A further approach is the use of antibodies to substances 
10 involved in cell -cell adhesion, for example, at gap junctions 
or tight junctions, for example, cadherins . Antibodies, 
especially monoclonal antibodies, to such substances, for 
example, ant i- cadherins , may be used as an agent capable of 
disrupting cell-cell junctions. 

15 

The cells are treated with the vector of choice in the usual 
manner for transfection using that vector. The agent that 
disrupts cell -cell junctions may be used before the cells' are 
treated with the vector but it is preferably to treat the cells 
20 with the agent and the vector at the same time or substantially 
the same time. 

The agent that disrupts cell -cell junctions is used in amount 
effective to disrupt the junctions. In the case of EGTA for 

25 use in vitro, the concentration of EGTA is about ImM or less, 
for example, from about 0.5 mM to 1 mM. Higher concentrations 
may be used, but care should be taken with regard to toxicity. 

A concentration of about 1 mM is generally preferred for use 
in vitro. For use in vivo the concentration of EGTA may be 

3 0 about 25 mM to 200 mM, for example, 100 mM. Concentrations 
greater than 200 mM may be used, but again care must be taken 
with regard to toxicity at high concentrations, for example, 
400 mM may be lethal. Concentrations of about 100 mM are 
generally preferred. 

35 

The cells may be transfected in vitro or in vivo. Transfection 
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In vitro is particularly useful for transfecting non- dividing 
cells with genes or anti-sense DNA of interest. Such cells may- 
be harvested for use, for example, for administration to a 
patient or for use for protein production. Alternatively, such 
5 cells may be used in their confluent state, for example, in 
situ, as disease models for drug testing. It is considered 
that confluent cells, which are generally non-dividing and may 
be differentiated, are often better models of tissues that are 
sub-confluent cells. Cells may be grown to confluence in 
lomicrowells, or using more sophisticated systems, for example, 
at an air-liquid interface. Various systems for growing 
confluent cells for use as models for drug testing are being 
developed. The ability to transfect cells in such systems is a 
great advantage . 

15 

Confluent cells and other slowly dividing or non-dividing cells 
that are in contact with each other, including differentiated 
cells, may be transfected in vivo. The present invention 
provides such a method of transfection and also provides the 
20 use of an agent that disrupts cell-cell junctions and a 

receptor targeted vector in the manufacture of a medicament for 
the transfection of cells, especially confluent, or other 
slowly dividing or non-dividing cells that are in contact with 
each other, for example, substantially non-mitotic cells. 

25 

Such cells include, for example, endothelial or epithelial 
cells, for example, cells of the any part of the airway 
epithelium, including bronchial and lung epithelium, and the 
corneal endothelium. The airway epithelium is an important 
30 target for gene therapy for cystic fibrosis and asthma. 

The following non-limiting Examples illustrate the present 
invention. Examples 1 to 14 illustrate general techniques 
and/or are comparative Examples. The Examples refer to the 
35 accompanying drawings, in which: 
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Figure 1 shows the effect of different amounts of lipofectin 
(DOTMA:DOPE) on the enhancement of transfection of ECV3 04 cells 
using a complex consisting of lipofectin, oligolysine-peptide 1 
( [K] leGACRGDMFGCA [SEQ . ID . NO , : 19] ) and plasmid pGL2 . 

5 

Figure 2 shows the effect of different amounts of lipofectin on 
the enhancement of transfection of A3 75M, COS -7 and ECV-4 0 
cells using a complex consisting of lipofectin, oligolysine- 
peptide 1 ( [K] leGACRGDMFGCA) and plasmid pGL2 • 

10 

Figure 3 shows the effect of the order of mixing the components 
of a complex consisting of lipofectin (L) , oligolysine-peptide 
1 ( [K] leGACRGDMFGCA) [SEQ , ID . NO . : 3 1] (I) and plasmid pGL2 (D) on 
the enhancement of transfection of ECV40 cells. 

15 

Figure 4 shows a comparison of enhancement of transfection by 
lipofectin of complexes containing plasmid pGL2 and oligo- 
lysine-peptide 1 { [KlisGACRGDMFGCA, [SEQ . ID .NO 31] pep 1), or 
oligolysinepeptide 5 ( [K] isGACDCRGDCFCA [SEQ. ID.NO. :34] , pep 5), 
20 or oligolysine-peptide 6 ( [K] isGACRRETAWACG [SEQ. ID.NO. :35] , pep 
6) or [K] 16 (K16) , with lipofectin (lip) and without lipofectin, 
and a complex containing plasmid pGL2 with 

lipofectin: [K] iglysine-peptide 1 in a ratio by weight of 4:1 
(Lipo 4 to 1) . 

25 

Figure 5 shows the dose -dependency of a complex containing 
lipofectin, oligolysine-peptide 6 ( [K] igGACRRETAWACG) 
[SEQ. ID.NO. : 12] and plasmid pGL2 on the availability of 
integrin-binding ligands . 

30 

Figure 6 shows the structure of various complexes, as deter- 
mined using atomic force microscopy, the complexes being formed 
with different combinations of plasmid DNA (plasmid pGL2) , 
oligolysine-peptide ( [K] le-peptide 6) and lipofectin as follows: 
35 A: [K] 16-peptide 6 and plasmid pGL2 ; B: [K] le-peptide 6, lipo- 
fectin and plasmid pGL2; C: lipofectin and plasmid pGL2, 
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optimal ratio; D: lipofectin and plasmid pGL2 , suboptimal 
ratio. 

Figure 7 shows levels of expression of XL- 12 48 hours after 
5 transfection of COS-7 cells and neuroblastoma cells lines IMR- 
32, KELLY and SHSY-5Y with a complex containing lipofectin, 
oligolysine-peptide 6 ( [K] isGACRRETAWACG) [SEQ.ID.NO. : 35] and 
either two retroviral plasmid constructs encoding the two 
domains of XL- 12 (MFGS-XL12) or one plasmid containing a fusion 
10 gene, Flexi-12 under a CMV promoter. 

Figure 8 shows the effect of transfection with anti-sense 
oligonucleotides (AS) to the thrombin receptor (PAR-1) on 
thrombin induced proliferation of human foetal lung fibroblasts 
15 (HFL-1 cells) . 

Figure 9 shows the effect of transfection of haematopoietic 
cell lines HL60, PLB985, TFl and U93 7 with LID complexes con- 
taining lipofectin, the reporter gene pEGFP-Nl and either [K]i6- 
20 peptide 6 (pep 6) or [K] le-peptide 8 (GGCRGDMFGCA 

[SEQ. ID.NO. : 36] pep 8) compared with untreated cells. The 
percentage of GFP positive cells is determined using a 
fluorescence activated cell sorter. 

25 Figure 10 shows the effect of the longer, highly hydrophobic 
spacer XSXGA [SEQ. ID.NO. : 18] (Pepl2) on transfection of primary 
porcine smooth muscle cells (VSMCs) compared with the same 
integrin-binding peptide having a GA spacer (Pep6) . TFI cells 
are shown as shaded columns, Jurkat cells as solid columns. 

30 

Figure 11 shows the effect of the longer, highly hydrophobic 
spacer XSXGA [SEQ. XD.NO. : 18] (Pepl2) on transfection of Jurkat 
and TFl cells compared with the same integrin-binding peptide 
having a GA spacer {Pep6) . The black columns show the results 
35 with Jurkat cells, the shaded columns the results with TFl 
cells . 
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Figure 12 shows flow cytometry analysis on the transfection 
efficiency with pEGFP in subconfluent (A, B) and confluent (C, 
D) IHAEo- cells (A, C) and 2CFSMEo- cells (B, D) . High 
5 efficiency was observed in subconfluent cells but it dropped 
dramatically when the cells became confluent. 

Figure 13 shows luminometric assay of the effects of EGTA (A, 
B) and anti-E-cadherin (C, D) on transfection. The confluent 

10 (A) and subconfluent (B) IHAEo- cells were transfected with LID 
compl exes after pre -treatment with EGTA (EGTA) or in the 
presence of EGTA (LID+EGTA) . Significant enhancement effects 
were observed in confluent but not subconfluent cells with LID 
vector incorporated with EGTA (LID+EGTA) compared with either 

15 the EGTA pretreatment (EGTA) or the control transfection 
without EGTA (OptiMEM) . Significant increase in transgene 
luciferase activities was also observed in confluent 2CFSMEO- 
cells (C) incixbated with anti-E-Cadherin in three different 
concentrations compared to the transfection without antibody 

20 (labelled as LID) (p<0.05) or in the presence of IgG controls 
(labelled as LID + IgG control) • Again, no significant 
difference was observed in sub-confluent cells (D) transfected 
in the presence of either anti-E-Cadherin or IgG control. 

25 Figure 14 shows flow cytometry analysis of EGTA effects on 
transfection efficiency (A-C) and the rate of BrdU 
incorporation (D~F) in confluent IHAEo- cells. Cells were 
transfected with pEGFP (A) or pEGFP plus EGTA (B) , or pEGFP 
plus EGTA and aphidicol in (C) . In parallel with the 

30 transfection, cells were labelled with BrdU (D) or BrdU plus 
EGTA (E) , or BrdU plus EGTA and aphidicolin (F) . 8.6% cells 
expressed transgene EGFP (A) . EGTA increased the efficiency to 
31.7% (B) and this enhancement effect was still observed in the 
presence aphidicolin where the EGFP-positive cells accounted 

35 for 23.6% (C) . Meanwhile, EGTA showed no effects on cell 

proliferation with the rate of BrdU incorporation being 7.1% in 
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confluent cells (D) , 6.5% in the presence of EGTA (E) , and 5.3% 
in the presence of EGTA and aphidicolin (F) . 

Figure 15 shows sub-confluent IHAEo- cells: flow cytometry 
5 analysis of EGTA effects on transf ection efficiency (A-C) and 
the rate of BrdU incorporation (D-F) . Cells were treated in the 
same way as in the confluent cells shown in Figure 13 . 
Transf ection efficiency was as high as 44,5% in sub-confluent 
cells (A) . Similar efficiency of 45.6% was observed in the 

10 presence of EGTA (B) and there were still 24.8% cells being 
transfected in the presence of aphidicolin (C) . Instead of 
promoting proliferation, EGTA decreased BrdU incorporation rate 
in sub-confluent cells as the proportion of BrdU-positive cells 
dropped from 43.0% (D) to about 23.9% after EGTA treatment (E) . 

15 7.8% cells were labelled with BrdU in the presence of 
aphidicolin (F) . 

Figure 16 shows double immunofluorescence for transgene p- 
Galactosidase (transgene expression shown by green cytoplasmic 

20 staining, irregular shapes) and BrdU labelling (shown by red 
nuclear staining, smaller rounder shapes) in subconfluent (A) 
and confluent (B, C) IHAEo- cells i Most of the subconfluent 
cells were labelled with BrdU and many of them expressed 
transgene simultaneously (irregular shape containing rounded 

25 shape) , shown in Figure 15A. Only few confluent cells were 
positive for p-galactosidase while few were labelled with BrdU 
(B) . After EGTA treatment many more cells expressed transgene 
see Figure 15C while their proliferation state was not affected 
as evident by the unchanged rate of BrdU labelling, few cells 

30 were stained red. 

Figure 17 shows photomicrographs of confluent IHAEo- cells 
showing the effects of EGTA treatment. The images in left-hand 
column (A, C, E, G) shows the cells before EGTA treatment and 
35 the right-hand column (B, D, F, H) are the cells after EGTA 
treatment. They are representative images of the typical 
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morphology of live confluent cells (A, B: x400, conventional 
inverted microscope) , immunofluorescence for tight junction 
protein occludin (C, D: x400 projected images, confocal 
microscope) , binding of LID complexes to cell surfaces (E, F: 
5x100, inverted confocal microscope) and the expression of 
transgene pEGFP (G, H: xlOO, conventional inverted microscope 
Confluent cells form an un-permeable cell sheet (A) . Tight 
junctions were clearly confined around cells as showed by 
immunofluorescence for occludin (C) . This allowed only a few 

10 particles of LID vectors to bind on to the cell surface (E) and 
only a small number of cells expressed transgene EGDP (G) . 
After treatment with EGTA, the confluent cells rounded up (B) ^ 
Tight junctions were disrupted as showed by the broken lines of 
immunofluorescence for occludin (D) and, much more LID complex 

15 particles bound to the cell surfaces (F) and consequently, more 
cells expressed transfene EGFP (H) . 

The following non-limiting Examples illustrate the invention. 

20 EXAMPLES 

MATERIALS & METHODS 
Cell Lines 

The cell line COS-7 (monkey kidney epithelial cells) were 
maintained in Dulbecco^s Modified Eagle Medium (DMEM; Life 

25 Technologies , Paisley, U.K.) supplemented with 10 % foetal calf 
serum. (FCS) , L-glutamine, penicillin and streptomycin. ECV304 
(spontaneously transformed human umbilical vein endothelial 
cells) were grown in 199 Medium (Life Technologies, Paisley, 
U.K.) . HT1080 fibrosarcoma cells and A375M melanoma cells were 

30 maintained in DMEM and 10% FCS. IMR2 neuroblastoma cells were 
grown in DMEM F12 Nutrient Mix (Life technologies) . Porcine 
primary smooth muscle cells (VSMCs) and heamatopoietic cells 
(Jurkat and TFl) and airway epithelial cells were grown in 
media suitable for those cell types, for example, human airway 

35 eithelia (HAE) cells type HAEO-, were grown in Modified Eagle 
Medium (MEM) obtained from Life Technologies (Paisley, 
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Scotland) supplemented with 10% foetal calf serum and 2 mM 
L-glutamine . 

Cell lines were all grown in a ST^C incubator with a 5% CO2 
5 water- saturated atmosphere. 

Peptide synthesis 

The sequence of peptide 6, GACRRETAWACG [SEQ . ID . NO . : 12 ] , was 
based on an aSlSl -specific peptide from a phage display library 
10 (Koivunen et al , , 1995). The oligolysine-peptide 

[K] leGACRRETAWACG [SEQ. ID.NO. : 35] was synthesised as follows: 

Protected amino acids and preloaded Gly-Wang resin were 
obtained from Calbiochem-Novabiochem (Nottingham, U.K.)- 

15 Solvents and HBTU [2- (IH-benzotriazol-l-yl) -1, 1, 3 , 3-tetram- 
ethyluronium hexaf luorophosphate] were obtained from Perkin- 
Elmer Applied Biosystems, U.K. The peptide was synthesised on 
a Model 43 lA updated Applied Biosystems Solid Phase Synthesiser 
on 0.1 mmol preloaded Gly-Wang resin (Calbiochem-Novabiochem, 

20 Nottingham, U.K.) using basic feedback monitoring cycles and 
HBTU as a coupling reagent. 9-f luorenylmethyloxy-carbonyl was 
used for temporary a-amino group protection. Side- chain 
protecting groups were tert-butyloxycarbonyl for Lys and Trp, 
tri tyl for Cys , 2,2,5,7,8 -pentamethylchroman- 6sulphonyl for 

25Arg, tert-butylester for Glu and tert-butyl ether for Thr. 
Cleavage from the resin and deprotection of the peptide was 
achieved by treating the pept idyl -resin with 10 ml of a mixture 
containing 10 ml trif luoroacetic acid, 0.25 ml ethanedithiol , 
0.25 ml triisopropylsilane at 20°C for two hours. The peptide 

30 was precipitated using ice-cold diethylether and then filtered 
through a fine sintered glass filter funnel under light vacuum. 

The peptide precipitate was dissolved in 10% acetic acid/ water 
solution and freeze dried. The crude peptide was analysed by 
reverse phase HPLC and matrix assisted laser desorption 

35 ionisation time of flight mass spectroscopy. Purity of the 
crude peptide was about 70% by reverse phase HPLC, and mass 
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analysis using a Finnegan LazerMat gave a molecular weight of 
3331.5 for the MH+ ion which was in excellent agreement with 
calculated weight for MH+ ion of 3331.46. 

5 Oligolysine-peptide 1: [K] leGACRGDMFGCA [SEQ . ID .NO . : 31] and 
oligolysine-peptide 5: [K] leGACDCRGDCFCA [SEQ . ID . NO . : 34] were 
obtained from Zinsser Analytic (Maidenhead, U.K.) . 

Oligolysine-peptide 66: [K] i^GACATRWARECG [SEQ. ID.NO. :28] and 
10 oligolysine-peptide 12 : [K] leXSXGACRETAWACG [SEQ . ID .NO . : 2 9] may 
be synthesised as described above for oligolysine-peptide 6 or 
obtained from Zinsser Analytic. 

Plasmid DNA 

15 The plasmids pGL2, which contains a lucif erase reporter gene 
(Promega, Madison, WI, U.S. A,) and pCMVJS, which contains a S- 
galactosidase reporter gene (Clontech, Palo Alto, California, 
U.S.A.) were grown in Escherichia coli DH5a and purified, after 
bacterial alkaline lysis, on Qiagen resin columns (Qiagen Ltd., 

20 Crawley, U.K.) by the manufacturer's instructions. 

Isopropanol -precipitated DNA pellets were washed with 70% 
ethanol then dissolved in water or TE buffer (10 mM Tris-Cl, pH 
8 . 0 and 1 raM EDTA) . 

25 Spectrophotometric measurements of plasmid solutions were used 
to assess plasmid concentration (A260) and purity (A260/A280 
ratio) . Plasmid solutions were adjusted to a concentration of 1 
mg/ml and stored at 4°C. 

30 Formation of transfection complexes 

Cells were seeded into 24 -well plates at 5 x 10"^ cells per well 

then incubated overnight at SV^C in complete growth medium,^ The 
following day, transfection complexes were made from the 
following stock solutions, all prepared in OptiMEM (Life 
35 Technologies , Paisley, U. K.), lipofectin (an equimolar mixture 
of the cationic lipid N- [1- (2 , 3-dioleyloxy) propyl] -N,N,N-tri- 
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methyl ammonium chloride (DOTMA) and the neutral lipid dioleoyl 
phosphatidylethanolamine (DOPE) , obtained as "Lipofectin" from 
Life Technologies, Paisley, U.K.) (1 mg /ml), pGL2-control (1 
mg/lOO ml) and [K] le/integrin-targeting peptide 1, 5 or 6 (0.1 
5 mg/ml ) . 

Complexes were made usually with three components: oligolysine- 
peptide (I) , plasmid DNA or RNA (D) and lipofectin (L) , by 
mixing together the different components with an automatic 

10 pipette . The mixture LID was made in the same way in the 
optimal weight ratio 0.75;4:1 (L:I:D). Both types of mixture 
were left to aggregate for at least 3 0 min then diluted to a 
concentration of one microgram DNA per 0 . 5 ml with OptiMEM, 
The growth medium was removed from each well then 0.5 ml of 

15 transf ection complex added. The plate was then returned to the 
incubator for four to six hours. The transf ection medium was 
then removed and replaced with 1 ml of complete growth- medium. 
Transfected cells were incubated for 48 to 72 hours then 
assayed for reporter gene activity, 

20 

Luciferase assays 

Cells transformed with pGL2 were washed twice with PBS to 
remove serum then 100 microlitres of Reporter Lysis Buffer 
(Promega^ Madison, WI, U.S.A.) was added to each well and 

25 placed at 40°C for 15 to 30 minutes. Cells were then dislodged 
by scraping with a yellow micropipette tip. Cellfree lysates 
were then prepared and assayed with a Luciferase Assay kit 
(Promega, Madison, Wl, U.S.A.) following the manufacturer's 
instructions. Total light emission was measured for 60 seconds 

soon an LKB 1251 Luminometer (Labtech, Uckfield, U.K.). The 
protein concentration of each sample was then determined with 
Protein Assay Reagent (BioRad, Hercules, CA, U.S.A.) and 
luciferase enzyme activity expressed in terms of relative light 
units per milligram of protein (RLU/mg) - 

35 

LacZ assays 
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S-galactosidase activity was detected by staining with X-gal , 
After washing with PBS cells were fixed to the plastic plates 
by addition of 0.5% glutaraldehyde in PBS for 20 minutes at 
40°C. Wells were washed with PBS and cells were stained with 
5 X-gal at 370 C for up to six hours - 

Atomic Forces Microscopy (AFM) 

Atomic forces microscope analysis of transfection complexes was 
performed as described previously (Wolfert & Seymour, 1996) 
lousing an AFM-2, part of the NanoScope II (Digital Instruments, 
Santa, Barbara, U.S.A.) - Transfection complexes of [K] le-peptide 
6/pGL2, with and without lipofectin, were prepared as described 
above except that water was used as the diluent for all 
components rather than OptiMEM. 

15 

Example 1: Effect of different amounts of lipofectin 
(DOTMA/DOPE) on transfection 

Transfection complexes were prepared as described above in the 
Materials & Methods section. The complexes were made by 

2 0 mixing solutions of oligolysine-peptide 1 ( [K] isGACRGDMFGCA) 
[SEQ. ID.NO. :31] at 0.1 mg/ml in OptiMEM low serum tissue 
culture medium with a solution of lipofectin (DOTMA/DOPE 
cationic liposome as above) in a range of concentrations from 1 
to 10 pg/lOO pi in OptiMEM. Finally, the appropriate amount of 

25 pGL2- control plasmid DNA (0.1 mg/ml) was added and mixed by 

repeated pipetting. The ratio of mixing of each component was a 
constant 4 yg of oligolysine-peptide per \ig of DNA^- while the 
proportion of lipofectin varied from 1 to 10 per ]ig of DNA. 
ECV3 04 cells were transfected with the complexes as described 

30 above, incubated for 48 hours then assayed for luciferase 

expression as described above. The results are shown in Figure 
1. 

Complexes formed with 1 of lipofectin and 4 ]ig of oligo- 
35 lysine -peptide per microgram of plasmid were almost 100-fold 
more active than complexes lacking lipofectin. Addition of 
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larger amounts of lipofectin reduced transfection activity in a 
lipofectin dose -dependent manner. 

Similar results were obtained with [K] ig-peptide 6 
5 [SEQ.ID.NO. :35] . 

Example 2: Effect of different amounts of lipofectin on 
transformation in three different cell lines 

Experiments were then performed to refine the optimal amount of 
10 lipofectin in LID transfection complexes using three different 
cell lines A375M (melanoma cells) , COS-7 (monkey kidney 
epithelial cells) and ECV304 (human umbilical cord endothelial 
cells) - 

15 Transfection complexes were made as described in Example 1 but 
using a narrower range of amounts of lipofectin. Lipofectin/- 
oligolysine-peptide/DNA complexes were prepared with constant 
amounts of [K] ig-peptide 1 ( [K] leGACRGDMFGCA) [SEQ . ID .NO . : 31] (4 

pg) and pGL2 (1 pg) plasmid DNA and a range of lipofectin 
20 amounts (1 to 2.5 micrograms). Complexes were used to transfect 
A3 75M, COS -7 and ECV3 04 cells, which were then harvested two 
days later for lucif erase expression analysis. 

The results are shown in Figure 2 . In each case the optimal 
25 transfection ratio peaked at 0.75 \ig of lipofectin per 

microgram of plasmid DNA. This combination of the amounts of 
the components was maintained in all subsequent examples. 

A mixing ratio L:I:D of 0.75:4:1 by weight corresponds to a 
30 molar ratio of 0.5 nmol lipofectin: 1.25 nmol oligolysine- 
peptide 1: 0.25 pmol pGL2 -control . The molar charge of each 
component is 0.5 moles positive charge per mole lipofectin, 
seventeen moles positive charge per mole [K] ig-peptide 1 and 
12,000 moles negative charge per mole of pGIi2 (6 kb) . There- 
35 fore, in the optimal transfection complex, 3 nmol of negative 
charge from the plasmid is mixed with 21 nmol of positive 
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charge from oligolysine-peptide 1 and 0.25 nmol positive charge 
from lipofectin. Hence the charge ratio of approximately 7:1 
positive to negative charges in ID complexes is little altered 
by the incorporation of 0.25 nmol positive charge from lipo- 
5 f ectin into high efficiency LID transfection complexes. It is 
likely, therefore, that the improvement in transfection 
efficiency of LID complexes is not charge related. 

Example 3: Effect of the order in which the components of the 
10 complex are mixed. 

To determine the procedure for the production of optimal LID 
transfection complexes transf ections were performed with 
complexes made by adding the components of the complexes in 
different orders. All combinations were prepared with the 
15 same amounts and concentrations of the components (1 lig pGL2 
plasmid DNA, 0.75 pg of lipofectin and 4 pg of oligolysine- 
peptide 1 ( [K] isGACRGDMFGCA) . Transf ections were performed in 
ECV3 04 cells and lucif erase activity was assessed as described 
above • 

20 

The results are shown in Figure 3 in which D represents the 
plasmid vector pGL2, I represents [K] le-peptide 1 and L repre- 
sents lipofectin. The expression data indicates that the order 
of mixing LID was optimal. Significantly, combinations in 
25 which the lipofectin was the last component added were least 
efficient. The order of mixing, LID, was employed in all 
subsequent transfection experiments. 

Example 4: Transfection rates 

30 Cells were transfected with optimised oligolysine-peptide/lipo- 
fectin/pCMVS complexes as described in Examples 1 and 2 pre- 
pared in the order of mixing LID but using pCMVS as the plasmid 
vector (component D) instead of pGL2 . The cells were stained 
for S-galactosidase activity with X-gal as described above. A 

35 number of cell types^ A375M, COS-7 and ECV304 displayed 

transfection efficiencies of 50 to 100% compared to 1 to 10% 



wo 01/92542 



PCT/GBOl/02394 



- 44 - 

achieved with oligolysine-peptide/DNA complexes alone. This 
represents a very significant improvement in transfection 
efficiency. 

5 Example 5: Comparison of enhancement with lipofectin and with 
different oligoly sine -peptides 

To compare the effect of different integrin-targeting oligo- 
lysine-peptides, duplicate sets of complexes were formed with 
plasmid pGL2 and one of the following: 
10 oligolysine-peptide 1 ( [K] leGACRGDMFGCA, pep 1) [SEQ. ID.NO. : 31] , 
oligolysine-peptide 5 ( [K] isGACDCRGDCFCA, pep 5) 
[SEQ.ID.NO- :34] , oligolysine-peptide 6 ( [K] isGACRRETAWACG, pep 
6) [SEQ.ID.NO. :35, and [K] le [SEQ . ID .NO . : 30] . 

One set of complexes also contained lipofectin (lip) , the other 
15 was without lipofectin. A control complex containing plasmid 
pGL2 with lipofectin and [K] lelysine -peptide 1 in a ratio by 
weight of 4:1 was prepared. 

Each complex was used to transfect cell lines and luciferase 
20 expression determined. Complexes were made with (lip) and 
without lipofectin. An optimised complex was performed for 
comparison. All oligolysine -peptides were mixed with lipo- 
fectin and plasmid DNA (KLD) in the same optimised charge 
ratios and order of mixing. 

25 

The results are shown in Figure 4 . Although KLD complexes were 
usually better transfection agents than KD or LD complexes , LID 
complexes generated luciferase expression levels three to 
six- fold higher than KLD complexes. Expression levels from LID 

30 complexes containing oligolysine-peptide 5 were two- fold lower 
than those containing oligolysine-peptide 1 or oligolysine- 
peptide 6, which may reflect the differing integrin receptor 
affinities of the peptides. The transfection enhancement of 
the LID complexes was observed with all the peptides tested, 

35 two of which (peptides 1 and 5) contain the conserved RGD 
sequence, one of which (peptide 6) does not. 
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Example 6: Specificity 

To demonstrate integrin specificity, LID complexes were 
prepared with constant amounts of plasmid pGL2- control and 
5 lipof ectin, and a range of combinations of [K] le-peptide 6 and 
[K]i6* A total of 40]ag of [K] ig-peptide was used, consisting of 
1, 5, 10, 20, 35, 39 ug of [K] ig-peptide 6 made up to 40ijg with 

[K] 16 . 

10 Transf ections were performed as described in Example 1 and 
lucif erase assays performed after 48 hours. The results are 
shown in Figure 5. Transf ection efficiency demonstrated an 
apparently exponential increase with increasing amounts of 
oligolysine-peptide 6, and, therefore, a dose ^dependent 

15 response to the amount of available integrin-binding ligands. 
Accordingly, while both the sixteen- lysine domain, and the 
lipofectin components are themselves capable of mediating 
transf ection, both individually and in [K] is/lipof ectin combi- 
nation complexes, the highest efficiency transf ection is 

20 directly proportional to the amount of available 
integrin-binding 1 igand . 

Example 7 : Atomic force microscopy 

Atomic force microscopy experiments were performed to determine 
25 and compare the structures formed by mixing 4 [KJiepeptide 6 

and 1 lag pGL2 -control plasmid DNA (ID complexes) . LID complexes 
were formed from [K] le-peptide 6 (4 ug) /lipofectin (0.75 lag) /DNA 
(1 ]ig) in the order LID which was shown to yield optimal 
transf ection results. Lipof ectin/DNA complexes (LD) were formed 
30 at two different ratios; an optimal transf ection ratio of 5 ]ig 
lipofectin per microgram of pGL2 and the same ratio as used in 
LID complexes, 0.75 lig lipofectin per microgram of plasmid. 

The results are shown in Figure 6. ID complexes, composed of 
35 oligolysine-peptide 6 and plasmid DNA, were examined initially 
by AFM within fifteen minutes of mixing the two components. The 
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complexes formed particles of low polydispersity which, on the 
mica coverslips, had a diameter of approximately 200 nm, A 
computer-generated contour map revealed that the particles 
formed were of irregular conical shape. LID complexes assessed 
5 by AFM formed particles of a similar size and shape to ID 
complexes. The additional lipofectin did not, apparently, 
disrupt the particles . "LD complexes, however, formed at the 5:1 
ratio appeared as a network of tubes with occasional particles 
associated with the tubes . LD complexes formed at the lower 
10 ratio (0.75:1), however, appeared to be short tubular 
structures. LD complexes formed at this lower ratio were 
inactive in transfection experiments. 

LID complexes formed as above were also analysed by AFM after 
15 standing overnight. Particles were now smaller in size with 
diameters of approximately 50-100 nm suggesting that the 
particles had compacted. Computer-generated computer maps 
represented these particles as regular conical structures. The 
cones were measured and their volumes were calculated. The 
20 spheres which the particles are predicted to form when free in 
solution were then calculated to be 20 to 60 nm in diameter. In 
transfection experiments with pGL2 the compact particles formed 
overnight in water yielded luciferase expression results 
approximately twice as high as the freshly made complexes. 

25 

Example 8: Transfection of neuroblastoma cells 

Transfection of three different human neuroblastoma cell lines, 
SHSY-5Y, KELLY and IMR-3 2 and one mouse neuroblastoma cell 
line, Nb2A, was optimised using an LID complex containing [Klie- 
30 peptide 6, lipofectin and either luciferase or GFP as reporter 
gene, as described in the Materials and Methods section and the 
Examp 1 e s above , 

The three human neuroblastoma cell lines and COS-7 cells were 
35 then transfected using the same LID complex with, instead of 
the reporter gene, one of two different IL-12 expressing 
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vectors. One vector expresses a fusion protein of the two 
chains of IL-12, p35 and p40, (Flexi-12; Anderson et al . 1997) 
This fusion is regulated by a CMV promoter. The second IL-12 
expression system consists of two retroviral constructs MFGS- 
5p35 and MFGS--p40, which are retroviral plasmid constructs 
encoding the two separate chains of interleukin-12 (IL-12) . 
Both genes are regulated by the retroviral long terminal 
repeats (LTRs) . The vectors were obtained from Professor Mary 
Collins, UCL, London. 

10 

Secreted IL-12 expression was monitored by ELISA 48 hours after 
transf ection. The transfected cells were found to secrete 
high levels of the cytokine, see Figure 7. The Flexi-12 con- 
struct was most efficient . 

15 

These results demonstrate that the transfection system of the 
present invention is suitable for use in a vaccine for neuro- 
blastoma, an important childhood malignancy, and also for 
vaccines against other cancers . 

20 

Example 9: Transf ections of primary smooth muscle cells and 
cardiac myocytes 

Tissue cultures of rat primary smooth muscle cells (aortic 
smooth muscle cells) and cardiac myocytes were prepared 

25 according to standard methods (Blank et al . 1988) . An LID 
complex comprising lipofectin, [K] le-peptide 6 and GFP as a 
reporter gene in the optimal LID ratio and mixing order was 
prepared as described in the Materials and Methods section and 
the Examples above. The tissue cultures were transfected with 

30 the LID complex as described in the Material and Methods sec- 
tion above. Fluorescing imaging of GFP -expressing cells demon- 
strates transfection efficiency in excess of 50%. 

Primary smooth muscle cells and cardiac myocytes are partic- 
35 ularly resistant to plasmid-mediated transfection using most 
other non-viral vectors. In contrast, the transfection complex 
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of the present invention achieved transfection efficiencies in 
excess of 50%, thus demonstrating the utility of the complexes 
for treatment of diseases affecting muscle, including smooth 
muscle and cardiac muscle. 

5 

Example 10: Transf ections with high molecular weight constructs 

Different size constructs can be delivered with the 
transfection complex of the present invention. A fibroblast 
culture was transfected as described in the Materials and 
10 Methods section with an LID complex comprising [K] le-peptide 6, 
lipofectin and a 130 kB DNA construct. The complex, comprising 
the LID components in the optimal ratio and mixing order, was 
prepared as described in the Methods and Materials section and 
Examples above. Transfection was achieved with 2-3% efficiency. 

15 

Cellular process associated with the enhanced integrin-mediated 
internalisation of DNA using a complex of the present invention 
are more closely related to phagocytosis than endocytosis and 
are thus particularly suited to the delivery of complexes 
2 0 containing very large DNA molecules. 

Example 11: Transfection with anti- sense DNA 

Thrombin stimulates proliferation of human lung fibroblasts. 
Thrombin- treated human lung fibroblasts (HFL~1 cells) proli- 

25 ferated 53% in response to thrombin. 24 hours before treatment 
with thrombin, HFL-1 cells were treated with an LID complex 
comprising [K] le-peptide 6, lipofectin and a 20-mer antisense 
oligonucleotide directed against the thrombin receptor PAR-1 in 
the optimal ratio and mixing order prepared as described in the 

30 Materials and Methods section and the Examples above. The 
antisense oligonucleotide-containing complex was in contact 
with the cells for 4 hours. 24 hours after the start of the 
treatment with the complex, treatment with thrombin was carried 
out - 

35 

The thrombin- induced proliferation was attenuated by 76% +/- 
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12% by the pre -treatment with the LID complex. Cells treated 
with the antisense-containing complex but not with thrombin did 
not proliferate, see Figure 8. 

5 This result demonstrates the utility of the complex of the 
invention for efficient intracellular transport of antisense 
oligonucleotides, as is required for antisense therapy, for 
example, antiviral and anticancer therapy. 

10 Example 12 : Transf ectlon of haematopoietic cells 

Haematopoietic cells are particularly resistant to transfection 
with most plasmid-mediated vectors . 

LID complexes were prepared as described in the Material and 
15 Methods section and Examples above using lipofectin and [K] is- 
peptide 6, which targets aSfil integrins, and pEGFP-Nl (Promega) 
as reporter gene. Complexes were prepared analogously substi- 
tuting [K]i6-peptide 8 ( [K] isGACQIDSPCA [SEQ . ID .NO . : 37] , which 
targets a461 integrins, for [K] le-peptide 6. The complexes were 
20 prepared by mixing the components in the optimal ratio and 

mixing order as described in the Materials and Methods section 
and Examples above. 

Four different haematopoietic cells lines (HL60, PLB985, TFl 
25 and U937) were transf ected as described in the Materials and 
Methods section with the following modifications: cells were 
untreated or were treated with Gm-CSF (lOng/ml) for TFl cells 
or phorbol myristic acid (PMA) for the other three cells lines 
prior to transfection. Transfection with the LID complexes 
30 containing pEGFP-Nl generated a transfection efficiency of more 
than 60% in all four lines as measured on fluorescent activated 
cell sorter, see Figure 9. 

These results demonstrate the utility of the transfection 
35 complex of the invention for gene therapy involving 

haematopoietic cells, for example, gene therapy of leukaemia 
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and bone marrow stem cell disorders. This is particularly 
useful because, as pointed out above, haematopoietic cells are 
particularly resistant to transfection with most plasmid- 
mediated vectors. 

5 

EXAMPLE 13 

Transfection using integrin-binding peptides having modified 
spacers 

10 The following olgolysine-peptides were prepared or obtained as 
described in the Material and Methods section: 

Oligolysine-peptide 6 : [K] isGACRRETAWACG [SEQ • ID .NO . : 32] 

Oligolysine-peptide 66: [K] isGACATRWARECG [SEQ . ID .NO .: 28] 

15 Oligolysine-peptide 12: [K] isXSXGACRETAWACG [SEQ. ID.NO. :29] 
[K] 16 : KKKKKKKKKKKKKKKK [SEQ . ID . NO . : 3 0 ] 

Peptides 6 and 12 contain the same K16 and aSpi integrin- 
targeting element (CRRETAWACG) [SEQ . ID . NO . : 23 ] , The difference 

20 between the two is that peptide 6 has the dipeptide spacer GA 
whereas peptide 12 has the longer, highly hydrophobic spacer 
XSXGA;. where X is 8~aminohexanoic acid. Peptide 66 is a non- 
integrin-binding control, which contains the oligolysine 
element followed by the same amino acids as in peptides 6 and 

25 12, but in a scrambled order. [K] is the oligolysine nucleic 
acid binding element . 

Each of the oligolysine-peptides was used to form a 
transfection complex as described in the Materials and Methods 
3 0 section. Lucif erase was the reporter gene. 

A range of cells including porcine primary smooth muscle cells 
(VSMCs) , haematopoietic cells (Jurkat and TFl) and airway 
epithelial cells were tested for transfection using the 
35 various complexes according to the protocols in the Material 
and Methods section. In all cases peptide 12, which has the 
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longer, highly hydrophobic spacer, performed better than 
peptide 6, with the GA spacer. The results obtained with the 
porcine primary smooth muscle cells are presented in Figure 10, 
The results with Jurkat and TFl cells in Figure 11. The 
5 results obtained with the primary smooth musce cells are 
particularly striking, showing an increase in transfection of 
about 100%. 

Example 14: Transfection of confluent: hximan aixii^ay epithelial 
10 cell In vitro in the presence of EGTA 

Cell cultures 

Human airway epithelial (HAE) cells, type HEAO- were seeded at 
80% into 24 well plates. The cells were grown in Modified 
15 Eagle Medium (MEM) obtained from Life Technologies (Paisley, 
Scotland) supplemented with 10% foetal calf serum and 2 raM L- 
glutamine to form cultures of confluent cells. Siibconf luent 
cultures of the same cells were also prepared. 

20 Reporter Genes 

The reporter genes used were a green fluorescent protein (GFP) 
reporter gene and a lucif erase reporter gene. The GFP reporter 
gene was used in the form of plasmid pEGFP-Nl, obtained from 
Clontech. The lucif erase reporter gene was used in the form 

25 of construct pCILuc consisting of the firefly lucif erase gene 
(Luc) inserted into the expresssion vector pCI (Promega, 
Southampton r England) 

Peptide 

30 For these in vitro experiments peptide 12 [K] leXSXGACRRETAWACG 
(X: s amino hexanoic acid), SEQ, ID.NO. :26, was used. The 
oligolysine-peptide component I comprised the integrin- targeted 
peptide CRRETAWACG, which targets the integrin a5 receptor, 
with a spacer XSXGA (X: g amino hexanoic acid) , and the 
35 oligolysine [K]i6, giving the sequence [K] leXSXGACRRETAWACG 
(Zinsser Analytic, Maidenhead, UK) , see Example Trans feet ion 
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vector/EGTA complexes 

Transfection vector complexes were prepared as described in the 
Material and Methods section, see also Example 15. The 
complexes were prepared using 4 /zg of the peptide, 0.75 /xg of 
5 lipofectin and 1 /zg of the reporter gene. All components and 
the vector complex were made up in OptiMEM (Life Technologies/ 
Inc.). EGTA (Sigma) at a concentration of 100 mM in water was 
added to the transfection vector complex preparation at one 
hundredth of the volume of the vector complex, giving a final 
10 EGTA concentration of 1 mM. 

Transfection 

The EGTA/vector complex mixture was added to the cultures, 
which were then harvested two days later. As controls, 
15 cultures were treated with OptiMEM medium alone and with the 
transfection vector complex without EGTA. 

To investigate whether mitosis affected the results, 
transfection was carried out in the presence of aphidicolin, 

20 which inhibits DNA polymerase-a, which prevents transition of 
the cells from Gl to S phase. To arrest cell division 
Aphidicolin (Sigma, Poole, Dorset, England) , was added to the 
cell cultures at a concentration in the range of 1 to 2 0 
|ig/ml 24 hours prior to transfection and was maintained 

25 throughout the rest of the experiment until the cells were 
harvested. 

Transfection levels using the luciferase reporter gene was 
measured as described in the Material and methods section- In 
30 the case of the GFP reporter gene, after harvesting the cells 
were analysed by fluorescence activated cell sorting (FAGS) for 
quantification of the number of fluorescent cells. 

The results obtained using the GFP reporter gene are presented 
35 in Table 2 below: 
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TABLE 2 

Transf ection agent (s) Sub-confluent cells Confluent cells 

5 

Control (no vector) 0.3% 
Vector, no added EGTA 44.6% 
Vector plus EGTA 45.7% 
Vector, EGTA, aphidicolin 24.8% 

10 

Figure 10 shows clearly the influence of EGTA in the increase 
in the number of fluorescent cells transfected with the vector 
in the presence of EGTA (Figure lOB) compared with the 
15 vector alone, as shown in (Figure lOA) . 

These results show that while the transfection vector complex 
transfects sub-confluent cells effectively, the transfection 
efficiency of confluent cells is very low. However, the 
20 presence of EGTA increases the transfection levels of the 
confluent cells four- fold, while having no effect on the 
efficiency of transfection of sub-confluent cells. 

Bromodeoxyuridine (BrdU) labelling enables assessment of cell 
25 proliferation. BrdU kits are available from Zymed 

Laboratories, Inc., South San Francisco, California, U.S.A.. 
BrdU was added to the cells at the same time as the 
transfection reagent and was maintained throughout the rest of 
the experiment until cell harvesting. The results of BrdU 
30 labelling of sub-confluent and confluent HAE cells is given in 
Table 3 below. 

TABLE 3 



0.7% 
8 . 9% 
32 .4% 
24.4% 



35 



Sub-confluent cells Confluent cells 
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Control 



0.7% 



0.5% 



BrdU 



44 .4% 



7.1% 



BrdU plus EGTA 

BrdU plus aphidicolin 



25.1 



6.5% 



1.3% 



5.3% 



5 

These results, and those shown in Table 2 for transfection in 
the presence of aphidicolin, demonstrate that neither the 
treatment with EGTA nor the transfection process itself 
increases the rate of mitosis in the confluent HAE cells . 

10 

We obtained essentially the same results using the luciferase 
reporter gene instead of GFP. Transf ections ere carried. out 
using the transfection vector prepared as described above with 
the construct pCILuc^ with and without EGTA, as described 

15 above. Luciferase assays were perfontied on cell-free extracts 
of harvested cells using a kit obtained from Promega using an 
Anthos Lucy 1 Luminometer. As with the GFP experiments, 
luciferase levels were enhanced approximately four-fold in 
confluent cells treated with EGTA compared with transf ections 

20 performed without EGTA. 

The finding that the presence of EGTA enhances transfection 
efficiency in the absence of mitosis is contrary to previous 
teachings, that mitosis is necessary for effective 
25 transfection. 

Previous reports of in vitro transfection using a viral vector 
and EGTA showed that pre- incubation with EGTA (for 20 minutes) 
was required before the addition of vector (Wang, 1998) . We 
30 found that pre -incubation of the cells with EGTA before 

transfection with the integrin-targeted transfection vector 
complex was no better than the results without EGTA. We found 
the best results were when the EGTA and the vector were admixed 
before application to the cells. 

35 

A further difference from previously reported results (Wang, 
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1998) is that Wang described the use of EGTA with hypotonic 
solutions such as water, which are themselves known to promote 
the disruption of tight cell junctions. We found the use of 
the isotonic buffer OptiMEM to be successful. 

5 

We also observed enhancement of transfection in vitro in 
confluent HAE cells when anti-cadherin IgG was used instead of 
EGTA with the transfection vector complex described above. The 
anti-cadherin IgG was obtained from Serotec and applied at 50 

10 pg/ml one hour before addition of the vector. This led to a 5 
to 10 fold enhancement of luciferase activity in confluent 
cells whereas subconfluent cells showed no enhancement. These 
results confirm our theory that the enhancement results from 
increased availability of receptors and that, surprisingly, 

15 cell division is not required. 

EXAMPLE 15 

METHODS Am) MATERIALS 

Airway epithelial cells 

20 Human airway epithelial cell lines, a normal cell line IHAEo- 
and a CF cell line 2CFSMEO-, were used in this study. 2CFS Meo- 
cells are immortalised, SV-40 T antigen transformed cells 
obtained from Dr D. Gruenert, UCSF. The IHAEo- cells retain the 
morphologic and functional characteristics of epithelial cells 

25 and have been used in many different studies, see (Boussat et 
al (2000) , Cozens et al (1992a) . The 2CFSMEo- cells are AF508 
heterozygous submucosal epithelial cells, see (Canonlao et al 
(1996) , Cozens et al (1996) . Both cell lines were maintained in 
a humidified atmosphere of 95% air and 5% CO2 at BV^C in Eagle's 

30 minimum essential medium (MEM) supplemented with 10% fetal 
bovine serum, 2 mM L-glutamine, 100 U/ml penicillin, and 100 
ILtg/ml streptomycin (Sigma, Poole, UK) in 75cm^ culture flasks. 
Cells were seeded on transwell inserts of 0.4 |j,m pore size and 
12 mm diameter (Costar, Bucks, UK) at a density of 10^ 

35 cells/0 . 5ml/insert and were left to grow until fully confluent 
in about 3 days. The apical medium was then removed and growth 
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medium was added basolateraly to leave the cells growing at an 
air-liquid interface. Confluent cells were grown for further 
10-14 days and were monitored with an ohmmeter (EVOM; World 
Precision Instruments, Stevenage, UK) until the transepithelial 
5 resistance was greater than 300 Q.cm before transf ection. For 
immunofluorescence studies, the cells were seeded on coverslips 
in 24-well plates at a density of 10^ cells/ml/well and were 
left to grow for about 10-14 days until fully confluent . The 
state of confluence and development of tight junctions were 
10 also determined by the immunof luorescent detection of occludin, 
the structural and functional component of tight junctions 
(detailed below) . Sub-conf luent , proliferating cells were 
prepared by growing the cells for less then 3 days in growth 
medium prior to transf ection. 

15 

Plasmid DNA 

Three different plasmid DNA controls were used in this study. 
Plasmid pCI-Lux was prepared by subcloning a lucif erase gene 
from pGL3 control (Life Technologies, Paisley, UK) into the 

20 eukaryotic expression vector pCI (Promega, Southampton, UK) . 
Plasmid pCIK-LacZ, containing cytoplasm-located bacterial p- 
Galactosidase gene, was obtained from Dr. Steve Hyde (Oxford) . 
The plasmid pEGFP was commercially available (CLONTECH 
Laboratories UK Ltd., Hampshire, UK). All of these genes were 

25 driven by CMV promoter. The plasmids were amplified in 

Escherichia coli DH5a/ lysed with alkaline and prepared using 
an endotoxin- free kit (Qiagen, Crawley, UK) . The DNA was washed 
with 70% ethanol and dissolved in water. The concentration of 
DNA was spectrophotometrically determined by its absorbance at 
30A260 and the purity was assessed with the ratio of A260/A280 - 

In vitro trans f ection of the cells 

The transf ection vector complexes called "LID complexes" and 
"LID vectors" hereafter, were prepared in a procedure similar 
35 to that described in Example 1. Briefly, stock solutions of the 
three components of the LID vector complex were prepared first. 
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Plasmid DNA (component D) was diluted in cell culture medium 
OptiMEM (Life Technologies, Paisley, UK) at a concentration of 
0.01 |j,g/jxl • The oligolysine -peptide component I comprised the 
integr in- targeted peptide CRRETAWACG, which targets the 
5 integrin a5 receptor, with a spacer XSXGA (X: g amino hexanoic 
acid), and the oligolysine [K]i6, giving the sequence 
[K] leXSXGACRRETAWACG (Zinsser Analytic, Maidenhead, UK). The 
peptide component I was dissolved in Opti-MEM at 0.1 mg/ml. The 
lipid component L was Lipofectin, a commercially available 

10 equimolar mixture of the cationic lipid N-[l-{2,3- 

dioleyloxy) propyl] ~n, n, n-trimethylammonium chloride (DOTMA) and 
the neutral lipid dioleoyl phosphotidylethanol amine (DOPE) , 
(Life Technologies, Paisley, UK) and was used from purchase at 
1 mg/ml. Complexes were made by gentle mixing of the three 

15 components : lipofectin (L) , peptide (I) and DNA (D) , in the 

optimised weight ratio of 0.75:1.94:1 (L : I : D) which corresponds 
to a +/= charge ratio of about 3:1. The complexes were then 
left 3 0 minutes at room temperature before being diluted to a 
final concentration of l(xg of DNA in 0.3 ml of Opti-MEM in 

20 transwells, or in 0.5 ml for 24"-well plate. The cells were 
incubated with the complexes for 4 hours at 37<^C followed 
further culture in growth medium for 24 to 48 hours before 
being harvested for the assay of transgene expression. 

25 Enhancemexit of trans fectlon 

To enhance the efficiency of transfection in confluent 
epithelial cells, several agents were tested including EGTA 
(Sigma, Poole, UK), trypsin/EDTA (Sigma, Poole, UK), water, and 
mouse anti human E-cadherin antibody (Serotec Ltd, Oxford, UK) . 

30 It was carried out firstly by comparing the effects of 

pretreatment of the cells with EGTA, water and Trypsin/EDTA 
with EGTA formulated into LID vector without pretreatment . 
Confluents cells were pre --incubated for 20-30 minutes at 37°C 
with 2 mM EGTA, 0.05 g of trypsin/litre-0 . 02 g/litre of EDTA, 

35 water, PBS or OptiMEM as control, respectively. Cells were then 
washed twice with OptiMEM and transfected with LID complexes or 
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LID formulated with EGTA (detailed below) for 4 hours as 
described above. To test the effects of anti-E-cadherin on 
transf ection, confluent cells were pre-incubated with the 
antibody at increased concentrations of 2 , 10 and 50 jj,g/Tnl for 
5 60 minutes at 4^0, followed by 4-hour transfection with LID 
complexes in the presence of anti-E-cadherin of same 
concentrations or mouse IgG as a control, respectively. 

Most of the enhancement experiments were carried out using the 
10 EGTA- formulation protocol (LID+EGTA) , in which, EGTA was added 
to the OptiMEM containing LID complexes, at a final 
concentration of 2 mM. OptiMEM contains 0 . 9 raM CaCl2 which is of 
half the level of conventional mediums. EGTA was first 
dissolved in PBS (pH7.3) to make a stock solution of 200 mM. 
15 After preparing the LID complexes, EGTA stock solution was 
added to the complexes to achieve a final concentration of 2 
mM. The transfection incubation was performed in the presence 
of EGTA but was replaced with complete growth medium after 4 
hours. Effects of EGTA on cell junctions were monitored by 
20 measuring the transepithelial resistance which dropped as early 
as about 10 minutes after exposure to EGTA and recovered at 
about 16-18 hours after removal of EGTA (data not shown) . 

Lumlnometrlc assay for lucif erase 

25 Twenty- four hours after transfection with pCI -lucif erase, cells 
were washed with PBS, lysed by adding 100 jxl of Reporter Lysis 
Buffer (Promega, Southampton, UK) and detached from the plate 
by manual scraping using micropipette tips. Cell -free lysates 
were prepared by centrif ugation at 2000 rpm for 5 minutes at 

3040c. The activity of lucif erase was assayed with a lucif erase 
assay kit (Promega, Southampton, UK) on a Lucy-1 plate-reading 
luminometer (Anthos, Salzburg, Austria) . The protein 
concentration of each sample was determined with Protein Assay 
Reagent (BioRad Laboratories, Hertfordshire, UK) by measuring 

35 absorbance at 595 nm and the specific activity of lucif erase 
was expressed as relative light unit per milligram protein 
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(RLU/mg protein) , 

Trans fectloxi efficiency by flow cytometry analysis of green 
fluorescent protein: 

5 Cells transf acted with pEGFP were washed twice with PBS, 
harvested by digesting with trypsin-EDTA and fixed in 4% 
paraformaldehyde. The cells were then analysed by fluorescence- 
activated cell sorting (FACS) with a FACS sorter EPICS XL 
(Beckman Coulter Inc, Buckinghamshire, UK) . Fluorescence for 
10 EGFP was measured at wavelength of 525±2 0 nm. Ten thousand 
cells were examined for the percentage of EGFP-positive cells 
by determining the percentage of highly fluorescent cells and 
subtracting the fluorescence of the untransf ected control 
cells . 

15 

Assay of cell proliferation 

Cell proliferation was assessed by incorporating 5-Bromo-2'- 

deoxy-uridine (BrdU) into cellular DNA detected by 

immunof luorescent staining using a monoclonal antibody. A BrdU 

20 Labelling and Detection Kit (Roche, Basel, Switzerland) was 
used, which contains the BrdU labelling reagent and the 
monoclonal mouse anti-BrdU. While the confluent cells were 
transf ected with EGTA- formulated LID containing pEGFP for 
analysis of transfection efficiency, a control group was 

25 transf ected with the same protocol but with 10 BrdU in the 
transfection medium for analysis of cell proliferation. Cells 
were maintained in the presence of BrdU throughout the 4 hour 
transfection incubation and for the following 24 hours 
incubation to label all cells that replicate during the 

30 transfection period. The BrdU- treated cells were then washed 
with PBS, harvested with trypsin/EDTA and fixed in 70% ethanol 
in 5 0 mM glycine buffer, pH 2.0, for 3 0 minutes at -•2 0°C. The 
primary antibody, mouse anti-BrdU diluted 1:10 with incubation 
buffer provided in the kit, was added to the cells for a 60- 

35 minute incubation at 31^C, Cells were washed with PBS and 
incubated with a second layer antibody, Texas Red labelled 
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horse ant i -mouse IgG (Vector Laboratories , Peterborough, UK) , 
for 3 0 minutes at 31^C and then analysed by flow cytometry at 
the wavelength of 575±20 nm as detailed above. In some 
experiments, aphidicolin, a cell -proliferation inhibitor 
5 blocking the cell cycle in S-phase, was added to the cells to 
observe the effects on transfection efficiency. Aphidicolin was 
added to the growth medium (10 |Lig/tnl) for 24 hours before 
transfection and maintained throughout the 4 -hour transfection 
and the following 24 h period of incubation until the cells 
10 were harvested. 

Binding of LID vector to EGTA treated cells. 

The effects of EGTA on cell binding were determined by 
transfection with LID complexes prepared with fluorescein 

15 (FITC) labelled peptide. Peptide-12 was labelled with FITC from 
a labelling kit (Calbiochem, San Diego, USA) and purified by 
dialyzing in PBS overnight, according to the manufacturer's 
instruction. The ability of FITC-conjugated peptide-12 to form 
complexes with plasmid DNA was determined by retardation test, 

20 in which the electrophoresis migration of DNA is retarded by 
forming complexes with the cationic peptide as described 
previously (Hart et al . , 1995). The confluent cells in 
trahswells were first incubated with 2 mM EGTA in Opti-MEM for 
3 0 minutes at 37*^0 to disrupt tight junctions and then cooled 

25 for 2 0 minutes at 4^0. The LID complexes prepared with FITC- 
labelled peptide-12 were also cooled to 4^0 for binding assay. 
The cells were then transfected with apically added LID-FITC 
for 6 0 minutes at 4^0, at which the complexes would only bind to 
cell surface and no internalisation would occur, see (Chu et al 

30 (1999) , Cornelissen et al (1997) , Im et al (1986) . The surface 
binding of the LID complexes was further differentiated from 
the internalised LID by incubating the cells with 1 |j,g/ml 
crystal violet (Sigma, Poole, UK) for 10 minutes at 4°C, to 
quench the fluorescence of surface-bound LID complexes, see (Ma 

35 et al (1997) , Van Amers & Van Strijp (1994) . The mean numbers 
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of fluorescent particles were then counted in 10 random 
microscope fields and comparison was made between the data 
obtained from EGTA- treated or untreated cells. 

5 Ixamuno fluorescence of BrdU, fi- galactosida.se and occludin 

To observe the double fluorescence labelling, the p- 
galactosidase-transf ected and BrdU- labelled (as detailed above 
in Assay of cell proliferation) cells were fixed with 70% 
ethanol in 50 mM glycine buffer, pH 2.0, for 30 minutes at - 

10 20^0 . The cells were then incubated with a mixture of two" 
primary antibodies, the rabbit anti-p-galactosidase at 1:200 
(Chemicon International Inc, Harrow, UK) and the mouse anti- 
BrdU at 1:10 (BrdU Labelling and Detection Kit; Roche, Basel, 
Switzerland) , followed by incubation with a mixture of FITC- 

15 conjugated goat anti-rabbit IgG and texas red labelled horse 
anti-mouse IgG (Vector Laboratories, Peterborough, UK) . 
Transwell inserts were then excised from the plastic holder and 
mounted on glass slides with aqueous mountant Vectashield 
(Vector Laboratories, Peterborough, UK) . To observe the effects 

20 of EGTA on tight junction, the EGTA-treated cells were 

immunostained with a rabbit polyclonal antibody against tight 
junction protein occludin (Zymed, San Francisco, USA) diluted 
1:10 with PBS. The antibody is specific to the C-terminal 150 
amino acids of human occludin and has been used in many other 

25 studies, see (Jou et al (1998) , Martin-Padura et al (1998) . The 
confluent cells on transwells were incubated with 2 mM EGTA in 
Opt i -MEM for 3 0 minutes at 3 7^0 and fixed in methanol for 20 
minutes at 4^0. Washed with PBS, the cells were immunostained 
with ant i -occludin for 60 minutes, followed by incubation with 

30 a fluorescein labelled goat anti -rabbit IgG (Vector 

Laboratories, Peterborough, UK) for 3 0 minutes at 37^0 . The 
inserts were then excised and mounted on slides with 
Vectashield. Images were observed and captured with an inverted 
fluorescence microscope (Olympus 1X70, Olympus Optical Company, 

35 London, UK) for transwell and a confocal microscope (Leica TCS 



wo 01/92542 



PCT/GBOl/02394 



- 62 - 

SP, Exton, PA, USA) for excised inserts. 

All data shown are representative of at least 3 independent 
experiments and triplicate cell cultures were used for 
5 luminometry and flow cytometry analysis. 

RESULTS 

Comparison of different agents to increase trans fection 
efficiency 

10 All transf ections of the airway epithelial cells were performed 
in parallel in both IHAEo- and 2CFSMEO- cells and similar 
results were observed in both cell types in most of the 
experiments. In preliminary studies of transf ection of sub- 
confluent cells with LID vector, GFP transgene expression was 

15 observed in about 45% IHAEo- cells (Figure llA) and 56% 
2CFSMEO- cells (Figure IIB) as determined by FACS analysis. 
However, fully confluent cells were much more resistant to 
transfection since the percentage of transgene positive cells 
fell to about 7% in both cell types (Figure IIC and Figure 

20 IID) . 

The poor transfection efficiency of confluent cells could be 
due to 1) the lack of availability of receptors on basolateral 
surfaces, or 2) the low rate of cell proliferation and the 

25 inability of plasmid DNA to enter the nucleus across the 

nuclear envelop. The first hypothesis was tested by treating 
the confluent epithelial cells with two agents known to disrupt 
cell junctions, EGTA and anti-cadherin monoclonal IgG, to 
augment gene transfer as reported previously for viral vectors, 

30 see Wang et al J Virol (1998); 72: 9818-9826 & Walters et al 
(1999). In the first protocol, confluent cells were incubated 
with 2 mM EGTA prior to transfection followed by 2 washes with 
Opti-MEM then transf ected with the LID vector as usual. In the 
second protocol, LID complexes were formulated with 2 mM EGTA 

35 in the same solution (LID+EGTA) so that both vector and EGTA 
were added to cells simultaneously. In lucif erase assays of 
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transfected cells the EGTA pre- treatment protocol produced no 
enhancement of transfection while LID+EGTA treatment showed an 
eight -fold increase in lucif erase transgene expression over the 
control transfection in the complete absence of EGTA (Figure 
5 12A) . However, when the LID+EGTA formulation was used to 
transfect sub-confluent cells, there was no difference in 
transgene luciferase activities compared to control cells 
transfected without EGTA (Figure 12B) , In a third experiment 
cells were treated with anti-E-cadherin both prior and during 

10 transfection, A significant increase in transgene expression 
was observed in confluent cells transfected in the presence of 
anti-E-cadherin in a concentration- dependent manner compared to 
the transfection without anti-E-cadherin or with the presence 
of mouse IgG control (Figure 12C) . No significant difference 

15 was found in sub-confluent cells treated in the same way 
(Figure 12D) . 

Therefore, two agents, EGTA and anti-E-cadherin were shown to 
enhance LID-mediated gene transfer to confluent epithelial 

20 cells while neither affected the transfection efficiency of 
sub-confluent cells. Since only confluent cells were affected, 
and both agents are known to affect the integrity of tight 
junctions, these results supported the hypothesis that 
transfection efficiency was reduced in confluent cells due to 

25 the restriction of receptors to the basolateral surfaces 

reducing binding and subsequent vector uptake. However, this 
did not eliminate the possibility that EGTA treatment may 
affect the transfection efficiency by increasing rate of cell 
division. The rate of mitosis is a major factor affecting the 

30 transfection efficiency of most plasmid-mediated vector 
systems . 

Effects of EGTA on transfection and cell proliferation 

To test the hypothesis that EGTA treatment may enhance 
35 transfection by promoting cellular proliferation transf ections 
were performed in confluent and subconfluent IHAEo- cells with 
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the LID+EGTA vector formulation. Transfection efficiency was 
determined from the percentage of cells transfected with the 
GFP reporter gene while the rate of proliferation was 
determined by immunodetection of BrdU incorporation by flow 
5 cytometry. Experiments were performed separately since a 
mutually compatible fixative for fluorescence analysis by flow 
cytometry could not be found. 

Cells were transfected with pEGFP (A) or pEGFP plus EGTA(B), or 
10 pEGFP plus EGTA and aphidicolin (C) . In parallel with the 
transfection, cells were labelled with BrdU (D) or BrdU plus 
ECTA (E) , or BrdU plus EGTA and aphidicolin (F) . 

Confluent cells were transfected poorly by LID in the absence 

15 of EGTA, with only about 8% cells expressing the GFP transgene 
(Figure 13A) , Transfection of confluent cells with the LID+EGTA 
formulation, however, increased the transfection efficiency of 
confluent cells almost four- fold to approximately 31% (Figure 
13B) • However, the rate of cell proliferation, as evident by 

20 the BrdU labelling, was not affected by EGTA treatment, 

remaining unchanged at about 6-7% before (Figure 13D) and after 
(Figure 13E) EGTA treatment. In contrast, LID+EGTA transfection 
of subconfluent cells did not increase the transfection 
efficiency, with the transgene-positive cells being about 44- 

25 45% in both EGTA negative (Figure 14A) and EGTA positive 
(Figure 14B) transf ections , EGTA treatment reduced the 
proliferation of subconfluent cells from about 43% in EGTA 
negative group (Figure 14D) to about 24% in the EGTA positive 
group although this did not affect the transfection rate 

30 (Figure 14E) . 

These results indicate that the formulation of the LID vector 
with 2mM EGTA greately enhances transfection of confluent 
epithelial cells and that this enhacneraent does not involve 
35 increased cellular proliferation. A possible explanation for 
these observations is that EGTA treatement enhacnes LID binding 
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and subsequent uptake by exposing receptors on basolateral 
surfaces and that the LID vector is then able to transfect non- 
dividing cells. 

s LID-hEGTA tra.nsfect±oxi of non- dividing cells 
Experiments were performed to test the hypothesis that the LID 
vector transfects non-mitotic cells by transfecting IHAEo- in 
the presence of BrdU and aphidicolin, a cell cycle inhibitor, 
see (Jiang et al Hum. Gene Ther. 1998; 9:1531-1542.). EGTA 

10 enhancement of transf ection was observed even in the presence 
of aphidicolin although the rate of cell proliferation 
indciated by BrdU incorporation was only 5% in confluent cells 
(Figure 13F) and 7% in subconfluent cells (Figure 14F) . The 
LID+EGTA transfection rate of both confluent and subconfluent 

15 cells treated with aphidicolin was almost identical at 23% for 
confluent cells (Figure 13C) and 24% for confluent cells 
(Figure 14C) . These results support the transfection of 
confluent cells and indicate that the LID vector transfects 
non-dividing cells with an efficiency at least four- fold higher 

2 0 than the rate of cell division. This data is consistent with 
the hypothesis that the LID vector transfects non-dividing 
cells . 

To further test this proposal, cells were transf ected with 
25 LID+EGTA containing a plasmid encoding the p-galactosidase 
reporter gene in the presence of BrdU then cells were 
anmaulysed by immunofluorescence mciroscopy to detect cells 
labelled with BrdU and expressing the reporter gene. Double 
immunofluorescence images of subconfluent cells transfected 
30 with LID+EGTA indicated a high level of proliferation. Many of 
the cells expressing the p-galactosidase reporter gene were 
also positive for BrdU indicating preferential transfection of 
dividing cells. Such double stained cells can be seen in Figure 
15A, one example is marked "g/r". However amongst the 
35 confluent cells bot proliferation frequency and transfection 
efficiency were much lower (Figure 15B) . EGTA treatment of 
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confluent cells however, markedly increased the proportion of 
p-galactosidase-positive cells (irregularly shaped stained 
cells in Figure 15C, one example is marked "red") , while the 
proliferation rate as evident by BrdU labelling, remained low. 
5 Few cells were stained red, see rounded stained cells in Figure 
15C. While many transgene-positive subconfluent cells were 
proliferating cells as evident by the double labelling, most of 
the transgene expressing confluent cells were non-prolif erative 
as they were not labelled by BrdU (Figure 15A and Figure 15C) . 

10 

LZD-Blndlng to EGTA- treated Confluent Cells 

Since EGTA does not enhance transfection by increased cellular 
proliferation the enhancement of LID transfection may involve 
increased cell binding of the vector to exposed receptors on 

15 the basolateral surfaces. This proposal was tested by 
investigating the binding of f Increscent ly- labelled LID 
complexes prepared with FITC-conjugated peptide. Incubation of 
FITC-LID complexes with cells at 4oC inhibited cellular 
internal i sat ion by endocytosis and was confirmed by the 

20 observation that most of the cell associated fluorescence 

signal was quenched by crystal violet treatment. The crystal 
violet quenching method allows differentiation between 
internalised and surface-associated fluorescent material. A 
marked difference in LID complex binding efficiency was 

25 observed between the confluent cells transf ected with and 
without EGTA. Only a few scattered dots representing FITC- 
labelled LID complexes bound to the cells without EGTA 
treatment (Figure 16E) while in the presence of EGTA, binding 
of LID particles was greatly increased (Figure 16F) . 

30 

Exposure of receptors on basolateral surfaces of confluent 
cells may permit enhanced binding of the LID vector. This would 
require breakdown of the cellular tight junctions by 2vcM EGTA 
in OptiMEM. Figure 16 shows photomicrographs of confluent 
35 IHAEo- cells showing the effects of EGTA treatment. The images 
in left-hand column (A, C, E, G) shows the cells before EGTA 
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treatment and the right-hand column (B, D, F, H) are the cells 
after EGTA treatment. They are representative images of the 
typical morphology of live confluent cells (A, B: x400) , 
conventional inverted microscope) , immunofluorescence for tight 
5 junction protein occuludin (c, D: x400 projected images, 
cof ocal microscope) , binding of LID complexes to cell surfaces 
(E, F: xlOO, inverted confocal microscope) and the expression 
of transgene pEGFP (G, H: xlOO, conventional inverted 
microscope) . Confluent cells grown on transwell inserts until 

10 an impermeable cell sheet was formed (Figure 16A) . Tight 
junctions were clearly confined between cells as shown by 
positive immuno fluorescent staining for occludin (Figure 16C) , 
Under these conditions few LID particles were bound to the cell 
surface (Figure 16E) and only a small number of cells expressed 

15 transgene EGFP (Figure 15G) . After treatment with EGTA, 

however, the confluent cells rounded up, leaving spaces between 
each other (Figure 16B) . EGTA disrupted the tight junctions as 
evident by the broken lines of immunofluorescence for occludin 
(Figure 16D) . Now, many more particles of LID complexes to 

20 bind to the cell surfaces (Figure 16F) and subsequently, many 
more cells were transfected with EGFP (Figure 16H) . 

DISCUSSION 

Many factors may affect the efficiency of gene transfer to 
25 airway epithelial cells, but the cell polarity and rate of 
proliferation are two of the main limiting factors. 
Modification of cell junctions and induction of cell 
proliferation has therefore been investigated with both viral 
and non-viral vectors (Bals et al (1999) . These results 
30 demonstrated marked enhancement of gene transfer to confluent 
airway epithelial cells with the nonviral LID vector after 
disrupting the integrity of cell junctions with EGTA, and 
increasing vector binding. EGTA Enhanced transfection was 
associated with the consequent increase in binding and 
35 enhancement of transfection was observed- More important, while 
a 4-fold increase in transfection efficiency was achieved the 
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rate of cell proliferation as shown by BrdU-labelling, remained 
unaffected at about 7%. In addition, when transf ections were 
performed in the presence of aphidicolin, in confluent and 
subconfluent cells, transf ection with the LID vector formulated 
5 with EGTA was observed in at least 23% cells in both cases 
which is about 3 -fold higher than the transf ection without 
EGTA. Together with the evidence obtained by double 
immunofluorescence that most of transgene-positive confluent 
cells were non-prolif erative, the present results show that LID 
10 vector transf ects non -proliferating airway epithelial cells 
with a relative high efficiency. 

Confluent airway epithelial cells are almost entirely 
mitotically quiescent. As evident in this Example, the 

15 proliferating BrdU-labelled cells accounted for about 43% of 
subconfluent but only 7% in confluent cells. Reduced cell 
proliferation would result in a low efficiency of transfection 
as reported by Fasbender that cells in mitosis (BrdU positive) 
were much more likely to express transgene than BrdU-negative 

20 cells, see (Fasbender et al (1997) and, by Wilke that growth- 
arrested cells were less efficiently transfected, see (Wilke et 
al (1996) . The present study also showed the transfection was 
much more inefficient in confluent cells than in sub-confluent 
cells (8% vs. 44%) . Increasing the rate of cell proliferation, 

25 therefore, would enhance gene transfer to airway epithelial 
cells as observed by transfecting the freshly seeded cells 
(Fasbender et al (1997) or stimulating cell proliferation with 
a growth factor (Wang et al (1998) . 

30 However, promotion of cell proliferation is not sufficient for 
efficient gene transfer to airway epithelial cells using a 
viral vector, see (Wang et al (1998) . Wang and co-workers 
reported that although the rate of division of airway 
epithelial cells was increased to about 50% by stimulating with 

35 keratinocyte growth factor, none of the cells were transfected 
when the viral vector was applied to the apical membrane and 
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gene transfer was observed only when the DNA was applied to the 
basal surface (16) . Therefore, it would be critical to eLCC^ss 
the basolateral receptors for most of the current vectors to 
obtain efficient gene transfer. EGTA was found to be highly 
5 effective for promoting access of the LID vector to basolateral 
receptors, enhancing transf action efficiency with low toxicity, 
see (Wang et al (1998) , Bals et al (1999) , Chu et al (1999) . In 
this Example, we have transfected confluent, non-proliferating 
airway epithelial cells with a relatively high efficiency by 
10 formulating the LID vector with EGTA and, by applying the LID 
vector to the apical surface. 

Consistently, it has been reported that the low rate of cell 
proliferation limits gene transfer to airway epithelia by 

15 cationic lipid vector, see (Wilkie et al (1996). However, the 
majority of cells expressing transgene were not proliferative 
although the BrdU- positive cells are more likely to he 
transfected, see (Fasbender et al (1997) . Matsui also reported 
that BrdU-positive cells were scattered throughout cell cluster 

20 whereas the trans feet ion with liposome -DNA happened more 
frequently at the edge of cluster where the cells were more 
proliferative, see (Matsui et al (1997) . In contrast, the 
results obtained in this Example showed that most of the 
confluent cells transfected with EGTA- formulated LID vectors 

25 were non-proliferating cells although many transfected 
subconfluent cells were proliferating cells. Taken all 
together, it suggested that, with the understanding that gene 
transfer could be facilitated by the high rate of 
proliferation, the state of proliferation, on the other hand, 

3 0 may not be a necessary factor for certain non- viral vectors to 
transfect certain cell types. It has previously been reported 
that microinjection of DNA/polyethylenimine complexes into the 
cytoplasm of several cell lines resulted in a higher expression 
of transgene compared with same amount of naked DNA, see 

35 (Palard et al (1998) . Injection of DNA/poly lysine complexes 
into cytoplasm of human fibroblasts led to a higher percentage 
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of expressing cells as compared to DNA alone, see (Zauner et al 
(1999) . Moreover, Vitiello suggested that polylysine might have 
a nuclear targeting activity as he found the co-localization of 
DNA and polylysine in cell nuclei by confocal microscopy, see 
5 (Vitiello et al (1996) . All these data suggested that some 
polycations may facilitate the nuclear uptake of DNA complexes 
in certain cell types and explained in part the fact that lots 
of non-proliferating cells were transfected by our LID vector. 
However, this needs more intensive investigation especially in 
10 vivo to gain the convinced conclusion. 

In summary, the results presented in this Example confirm that 
the efficient gene transfer to non-proliferating human airway 
epithelial cells using the synthetic nonviral vector LID, with 
15 adjuvant of a calcium chelator EGTA which transiently disrupted 
tight junctions to allow increased binding of LID complexes. No 
induction of cells proliferation was observed by EGTA treatment 
and most of transgene-positive cells were non-prolif erative . 
This shows the ability of LID vector to transfect non- 
20 proliferating cells and its use in gene therapy of human 
respiratory diseases. 



25 
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CLAIMS : 

1. A complex that comprises 

(i) a nucleic acid, 

(ii) an integrin-binding component, 

(iii) a polycationic nucleic acid-binding component, and 

(iv) a lipid component, in which complex the integrin binding 
component comprises an integrin-binding element and a spacer 
element, the spacer element being longer and/or more 
hydrophobic than the dipeptide spacers GG (glycine-glycine) and 
GA (glycine -alanine) . 

2. A complex as claimed in claim 1, wherein the spacer element 
of the integrin-binding component is a peptide. 

3. A complex as claimed in claim 1 or claim 2, wherein the 
spacer element is a dipeptide. 

4. A complex as claimed in claims 1 to 3, wherein the spacer 
element comprises more than 2 naturally occurring or synthetic 
amino acids. 

5. A complex as claimed in claims 1 to 4 , wherein the spacer 
element comprises £ -amino hexanoic acid, 

6. A complex as claimed in claim 1, wherein the spacer element 
is XSXGA in which S = serome . G = glycine, A = alanine and X = 
8 -amino hexanoic acid. 

7. A complex as claimed in claims 1 to 6, whereian the spacer 
is at the N terminus of the integrin-binding element. 

8. A complex as claimed in any one of claims 1 to 7, wherein 
the integrin-binding element is an integrin-binding peptide 

9. A complex as claimed in claim 8, wherein the peptide con- 
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sists of or comprises all or part of the integrin-binding 
domain of a naturally-occurring integrin ligand. 

10. A complex as claimed in any one of claims 1 to 9, wherein 
the integrin-binding peptide comprises the conserved amino acid 
sequence arginine-glycine-aspartic acid (RGD) . 

11. A complex as claimed in claim 5, wherein the integrin- 
binding peptide has two or more cysteine residues that form one 
or more disulphide bond(s), thereby forming a cyclic peptide. 

12. A complex as claimed in claim 11, wherein the cyclic 
integrin-binding peptide is an RGD containing peptide having a 
cyclic region in which the conformational freedom of the RGD 
sequence is restricted. 

13. A complex as claimed in claim 12, wherein the peptide con- 
sists of or comprises the sequence CRGDMFGC [SEQ . ID .NO . : 5] . 

14. A complex as claimed in claim 13, wherein the peptide 
consists of or comprises the sequence CRGDMFGC, CRGDMFGCG 
CRGDMFGCA or CRGDMFGCA. 

15. A peptide as claimed in claim 12, which peptide consists of 
or comprises the sequence CDCRGDCFCA. 

16. A peptide as claimed in claim 8, which peptide consists of 
or comprises the sequence CRRETAWAC. 

17. A peptide as claimed in claim 16, which consists of or 
comprises the sequence CRRETAWACA or CRRETAWACG 
[SEQ.ID.NO. :12] . 

18. A peptide as claimed in claim 8, which consists of or 
comprises the sequence GPEILDVPST, CQIDSPCA or 
CRRETAWACGKGACRRETAWACG . 
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19. A complex as claimed in any one of claims 1 to 18, wherein 
the nucleic acid component is or relates to a gene that is the 
target for gene therapy, gene vaccination or anti-sense 
therapy . 

20. A complex as claimed in claim 19, wherein the nucleic acid 
comprises all or part of the coding sequence of the gene and 
also comprises transcriptional and/or translational control 
elements, and whereas the nucleic acid is optionally packed in 
a phage or vector. 

21- A complex as claimed in any one of claims 1 to 20, wherein 
the nucleic acid component is DNA. 

22. A complex as claimed in any one of claims 1 to 18, wherein 
the nucleic acid component is RNA. 

23. A complex as claimed in any one of claims 1 to 22, wherein 
the nucleic acid-binding component has from 3 to 100 cationic 
monomers . 

24. A complex as claimed in any one of claims 1 to 23, wherein 
the polycationic nucleic acid-binding component is an 
oligolysine . 

25. A complex as claimed in claim 24, wherein the oligolysine 
has from 10 to 20, especially 16, 17 or 18 lysine residues. 

26. A complex as claimed in any one of claims 1 to 25, wherein 
the lipid component is or is capable of forming a cationic 
liposome. 



27. A complex as claimed in any one of claims 1 to 26, wherein 
the lipid component is or comprises one or more lipids selected 
from cationic lipids and lipids having membrane destabilising 
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or f usogenic properties . 

28. A complex as claimed in claim 27, wherein the lipid compo- 
nent is or comprises the neutral lipid dioleyl phosphatidyl- 
ethanolamine (DOPE) or a lipid having similar membrane 
destabilising or f usogenic properties . 

29. A complex as claimed in claim 27 or claim 28, wherein the 
lipid component is or comprises the cationic lipid N-[l-(2,3- 
dioleyloxy) propyl] -N,N,N-trimethylammonium chloride (DOTMA) or 
a lipid having similar cationic properties. 

30. A complex as claimed in claim 29, wherein the lipid compo- 
nent is or comprises a mixture of DOPE and DOTiVIA, especially an 
equimolar mixture thereof . 

31. A complex as claimed in claim 30, which comprises an equi- 
molar mixture of DOPE and DOTMA as the lipid component, an 
integrin-binding peptide as the integrin-binding component, and 
[K]i6 as the polycationic nucleic acid-binding component. 

32. A complex as claimed in claim 30 or claim 31, wherein the 
ratio lipid component : integrin-binding/polycationic nucleic 
acid-binding component : nucleic acid is 0.75:4:1 by weight or 
0.5 nmol:1.25 nmol:0.25 nmol on a molar basis. 

33. A complex as claimed in any one of claims 1 to 30, wherein 
the lipid component is or comprises 2 , 3 -dioleyloxy-N- t2- 
(spermidinecarboxamido) ethyl] -N,N-dimethyl-l-propanaminium- 
trif luoridoacetate (DOSPA) or a lipid having similar properties 
to those of DOSPA. 

34. A complex as claimed in claim 33, wherein the lipid compo- 
nent is or comprises a mixture of DOPE and DOSPA, especially a 
mixture of one part by weight DOPE to 3 parts by weight DOSPA. 
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35. A complex as claimed in claim 34, which comprises a mixture 
of DOPE and DOSPA as the lipid component, an integrin-binding 
peptide as the integrin-binding component, and [K] ig as the 
polycationic nucleic acid-binding component, 

36. A complex as claimed in claim 35, wherein the ratio lipid 
component : polycationic nucleic acid-binding component: nucleic 
acid is 12:4:1 by weight. 

37. A process for the production of a complex as claimed in any 
one of claims 1 to 36, which comprises admixing components (i) , 
(ii) , (iii) and (iv) • 

38. A process as claimed in claim 37, wherein the components 
are admixed in the following order: lipid component, integrin- 
binding component /polycationic nucleic acid-binding component, 
nucleic acid. 

39. A complex as claimed in any one of claims 1 to 36, 
obtainable by a process as claimed in claim 37 or claim 38. 

40. A mixture comprising an integrin-binding component, a 
polycationic nucleic acid-binding component, and a lipid compo- 
nent, the integrin binding component being as defined in claim 
1. 

41. A mixture as claimed in claim 40 wherein the integrin- 
binding component is as defined in ariy'^one of claims *2 to 18. 

42. A mixture as claimed in claim 40 or claim 41, wherein the 
polycationic nucleic acid-binding component is as defined in 
any one of claims 23 to 25. 

43. A mixture as claimed in any one of claims 40 to 42, wherein 
the lipid component is as defined in any one of claims 2 6 to 
30, 33 and 34. 
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44. A mixture as claimed in claim 40, which comprises an equi- 
molar mixture of DOPE and DOTMA as the lipid component, an 
integrin-binding peptide as the integrin-binding component, and 
[K] 16 as the polycationic component nucleic acid-binding 
component . 

45. A mixture as claimed in claim 44, wherein the ratio lipid 
component : combined integrin-binding/polycationic nucleic acid- 
binding component is 0.75; 4 by weight. 

46. A process for producing a complex as claimed in claim 1, 
which comprises incorporating a nucleic acid with a mixture as 
claimed in any one of claims 40 to 45. 

47. A pharmaceutical composition which comprises a complex as 
claimed in any one of claims 1 to 32 claim 35, in admixture or 
conjunction with a pharmaceutically suitable carrier. 

48. A method of transfecting cells with a nucleic acid, which 
comprises contacting the cells in vitro or in vivo with a com- 
plex as claimed in any one of claims 1 to 3 6 or claim 3 9 under 
conditions suitable for effecting transf ection. 

49. A method for the treatment or prophylaxis of a condition 
caused in human or or in a non-human animal by a defect and/or 
a deficiency in a gene, which comprises administering a complex 
as claimed in any one of claims 1 to 3 6 or claim 3 9 to the 
human or to the non-human animal . 

50. A method for therapeutic or prophylactic immunisation of a 
human or of a non-human animal, which comprises administering a 
complex as claimed in any one of claims 1 to 36 or claim 3 9 to 
the human or to the non- human animal . 



51. A method of anti-sense therapy, which comprises 
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administering a complex as claimed in any one of claims 1 to 3 6 
or claim 3 9 to a human or to a non-human animal. 

52. A method as claimed in claim 48, wherein the cells are also 
contacted with an agent that disrupts cell-cell functions. 

53. A method as claimed in claim 52, wherein the cells are 
confluent cells or are cells that are slowly dividing cells or 
are non-dividing cells. 

54. A method as claimed in claim 53, wherein the cells are a 
confluent monolayer. 

55. A method as claimed in claim 53, wherein the cells are a 
tissue, especially a tissue comprising slowly dividing cells or 
non-dividing cells. 

56. A method as claimed in any one of claims 52, 53 and 55, 
wherein the cells are a tissue comprising an endothelium or an 
epithelium. 

57. A method as claimed in any one of claims 52 to 56, wherein 
the agent that is capable of disrupting cell-cell junctions is 
a calcium-binding or calcium chelating agent. 

58. A method as claimed in claim 57, wherein the calcium 
binding or calcium chelating agent is EGTA. 

59. A method as claimed in claim 58, wherein EGTA is used at a 
concentration of ImM or less, for example, from about 0.5 to 1 
mM, especially about 1 tt^^ in vitro or 25 to 2 00 nM, for 
example, 100 mM, in vivo. 

60. A method as claimed in any one of claims 52 to 56, wherein 
the agent that is capable of disrupting cell-cell junctions is 
an antibody directed to a substance involved in cell adhesion. 
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61. A method as claimed in claim 60, wherein the antibody- 
directed to a substance involved in cell adhesion is an anti- 
cadherin . 

62. A method as claimed in any one of claims 52 to 61, wherein 
the agent that disrupts cell -cell junctions is used at the same 
or substantially the same time as the complex. 

63. A method as claimed in any one of claims 49 to 51, wherein 
an agent that disrupts cell -cell functions is used in 
conjunction with the complex. 

64. A method as claimed in claim 63, wherein the agent that 
disrupts cell -cell functions is as defined in any one of claims 
57 to 62. 

65. A complex as claimed in any one of claims 1 to 36 or claim 
3 9 for use as a medicament or a vaccine. 

66. Use of a complex as claimed in any one of claims 1 to 36 or 
claim 3 9 for the manufacture of a medicament for the prophy- 
laxis of a condition caused in a human or a non-human animal by 
a defect and/or a deficiency in a gene, or for therapeutic or 
prophylactic immunisation, or for anti-sense therapy. 

67. A complex as claimed in claim 65 or a use as claimed in 
claim 66, wherein an agent that disrupts cell -cell functions is 
used in conjunction with the complex., the agent that disrupts 
cell -cell functions preferably being as defined in any one of 
claims 57 to 62 . 

68. A kit that comprises (i) an integrin-binding component, (ii) 
a polycationic nucleic acid-binding component, and (iii) a 
lipid component, in which the integrin binding component 
comprises an integrin-binding element and a spacer element, the 
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spacer element being longer and/or more hydrophobic than the 
dipeptide spacers GG (glycine-glycine*) and GA (glycine-alanine) 
and optionally an agent that disrupts cell-cell functions. 

69. A peptide XSXGA [SEQ. ID N0.:18] in which X - s 
aminohexanoic acid, S = serine and G = glycine. 
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SEQUENCE LISTING 

<110> ICH Productions Limited 

<12 0> Integrin- Targeting Vectors Having Enhanced Transfection 
Activity 

<130> 6176 JSvn/TJH 

<140> 
<141> 

<160> 37 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 28 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Peptide 
<400> 1 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Gly Gly Lys Lys Lys Lys 
1 5 10 15 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
20 25 



<210> 2 
<211> 27 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 2 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Gly Lys Lys Lys Lys Lys 
15 10 15 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
20 25 



<210> 3 
<211> 26 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 3 



1 
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Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Lys Lys Lys Lys Lys Lys 
1 5 10 15 



Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
20 25 



<210> 4 
<211> 27 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 4 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 

Gly Ala Cys Arg Gly Asp Met Phe Gly Cys Ala 
20 25 



<210> 5 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 5 

Cys Arg Gly Asp Met Phe Gly Cys 
1 5 



<210> 6 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 6 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys 
15 10 



<210> 7 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 



2 
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<400> 7 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Gly 
1 5 '10 



<210> 8 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<22 0> 

<223> Description of Artificial Sequence: Peptide 
<400> 8 

Gly Gly Cys Arg Gly Asp Phe Gly Cys Ala 
1 5 10 



<210> 9 
<211> 11 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 9 

Gly Ala Cys Arg Gly Asp Met Phe Gly Cys Ala 
15 10 



<210> 10 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 10 

Gly Ala Cys Asp Cys Arg Gly Asp Cys Phe Cys Ala 
15 10 



<210> 11 

<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificig.1 Sequeaice: Peptide 

<400> 11 

Gly Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Ala 
15 10 



3 
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<210> 12 
<211> 12 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 12 

Gly Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly 
15 10 



<210> 13 
<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 13 

Cys Arg Arg Glu Thr Thr Ala Trp Ala Cys 
15 10 



<210> 14 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 14 

Gly Ala Cys Arg Gly Asp Met Phe Gly Cys Gly Gly 
15 10 



<210> 15 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 

<400> 15 

Gly Ala Gly Pro Glu He Leu Asp Val Pro Ser Thr 
15 10 



<210> 16 

<211> 10 

<212> PRT 

<213> Artificial 



Sequence 



4 
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<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 16 

Gly Ala Cys Gin lie Asp Ser Pro Cys Ala 
1 5 10 



<210> 17 
<211> 25 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 17 

Gly Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly Lys Gly Ala Cys 
15 10 15 

Arg Arg Glu Thr Ala Trp Ala Cys Gly 
20 25 



<210> 18 

<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide. 
Xaa= (Epsilon) -amino hexanoic acid 

<400> 18 

Xaa Ser Xaa Gly Ala 
1 5 



<210> 19 
<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 19 

Cys Arg Gly Asp Met Phe Gly Cys Gly 
1 5 



<210> 20 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Peptide 

<400> 20 

Cys Arg Gly Asp Met Phe Gly Cys Ala 
1 5 



<210> 21 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<-223> Description of Artificial Sequence: Peptide 
<400> 21 

Cys Asp Cys Arg Gly Asp Cys Phe Cys Ala 
15 10 



<210> 22 
<211> 10 
<212> PRT 

<213> Artificial Sequence 

<220> 

<22 3> Description of Artificial Sequence: Peptide 
<400> 22 

Cys Arg Arg Glu Thr Ala Trp Ala Cys Ala 
15 10 



<210> 23 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 23 

Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly 
15 10 



<210> 24 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 24 

Cys Arg Gly Asp Met Phe Gly Cys Gly Gly 
15 10 
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<210> 25 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 

<400> 25 

Gly Pro Glu lie Leu Asp Val Pro Ser Thr 
15 10 



<210> 26 
<211> 8 
<212> PRT 

<213> Artificial Seqiience 

<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 26 

Cys Gin lie Asp Ser Pro Cys Ala 
1 5 



<210> 27 
<211> 23 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 27 

Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly Lys Gly Ala Cys Arg Arg 
15 10 15 

Glu Thr Ala Trp Ala Cys Gly 
20 



<210> 28 
<211> 28 
<212> PRT 

<213> Artificial Sec[uence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 28 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 

Gly Ala Cys Ala Thr Arg Trp Ala Arg Glu Cys Gly 
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20 25 



<210> 29 
<211> 30 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide. 
Xaa~ (Epsilon) -amino hexanoic acid 

<400> 29 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 

Xaa Ser Xaa Gly Ala Cys Arg Glu Thr Ala Trp Ala Cys Gly 
20 25 30 



<210> 30 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 30 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 



<210> 31 
<211> 27 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<400> 31 

Lys Lys Lys Lys Lys Lys Lys Lys 
1 5 

Gly Ala Cys Arg Gly Asp Met Phe 
20 



Sec[uence : Peptide 



Lys Lys Lys .Lys Lys Lys Lys Lys 
10 15 

Gly Cys Ala 
25 



<210> 32 
<211> 27 
<212> PRT 

<:213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
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<400> 32 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys . Gly 
15 10 15 

Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly 
20 25 



<210> 33 

<211> 27 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 33 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 

Gly Ala Cys Arg Gly Asp Met Phe Gly Cys Ala 
20 25 



<210> 34 
<211> 28 
<212> PRT 

<213> Artificial- Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 34 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
1 5 10 15 

Gly Ala Cys Asp Cys Arg Gly Asp Cys Phe Cys Ala 
20 25 



<210> 35 
<211> 28 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<400> 35 

Lys Lys Lys Lys Lys Lys Lys Lys 
1 5 

Gly Ala Cys Arg Arg Glu Thr Ala 
20 



Sequence: Peptide 



Lys Lys Lys Lys Lys Lys Lys Lys 
10 15 

Trp Ala Cys Gly 
25 



<210> 36 
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<211> 27 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<400> 36 

Lys Lys Lys Lys Lys Lys Lys Lys 
1 5 

Gly Gly Cys Arg Gly Asp Met Phe 
20 



Sequence : Peptide 



Lys Lys Lys Lys Lys Lys Lys Lys 
10 15 

Gly Cys Ala 
25 



<210> 37 
<211> 26 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 37 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 

Gly Ala Cys Gin lie Asp Ser Pro Cys Ala 
20 25 
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